IMAGE  EVALUATION 
TEST  TARGET  (MT-3) 


«Y' 


A 


/ 


:/ 


V- 


i<9 


V^ 


I.I 

1.25 


U;  1^      1 2.5 
J-  1^     |2.2 

1.4     11.6 


ISOmm 


V 


«?> 


/, 


7 


/. 


/APPLIED  ^  IIV14GE  .  Inc 


___  '653  East  Main  Street 

^.  Rochester  NV  14609  USA 

FjS  Ptione  716.482-0300 

^=  Fax   71&288-5989 


©1993  Applied  Image  Inc    All  Rights  Rese'ved 


CIHM 
Microfiche 


(l\/lonographs) 


ICIMH 

Collection  de 
microfiches 
(monographles) 


Canadian  Inttituta  for  Historical  Microraproductions  /  Inttitut  Canadian  da  microraproductiona  historiquas 


m 


©1994 


Technical  and  Bibliographic  Notei  /  Nottf  techniques  et  bibliographiquet 


The  Inttitute  hai  atlempted  to  obtain  the  bett  original 
copy  available  for  filming.    Features  of  this  copy  which 
may  be  bibliographically  unique,  which  may  alter  any 
of  the  images  in  the  reproduction,  or  which  may 
significantly  change  the  usual  method  of  filming,  are 
checked  below 


□  Coloured  covers/ 
Couverture  de  couleur 


D 
D 

n 


Covers  damaged/ 
Couverture  endommagee 

Covers  restored  and/or  laminated/ 
Couverture  rastauree  et/ou  pelliculM 

Cover  title  missing/ 

Le  titre  dc  couverture  manque 


Dc:; 


Coloured  maps/ 

tes  geographiques  en  couleur 


Coloured  ink  (i.e.  other  than  blue  or  black)/ 
Encre  de  couleur  (i.e.  autre  que  bleue  ou  noire) 

Coloured  plates  and/or  illustrations/ 
Planches  et/ou  illustrations  en  couleur 


□  Bound  with  other  material/ 
Relie  avec  d'autres  documents 


D 


n 


Tight  binding  may  cause  shadows  or  distortion 
along  interior  margin/ 

La  reliure  serree  peut  causer  de  I'ombre  ou  de  Id 
distorsion  le  long  de  la  marge  interieure 

Blank  leaves  added  during  restoration  may  appear 
within  the  text    Whenever  possible,  these  have 
been  omitted  from  filming/ 
II  se  peut  que  certaines  pages  blanches  aiouttes 
lurs  d'une  restauration  apparaissent  dans  le  texte. 
mats,  lorsque  cela  etait  possible  ces  pages  n'ont 
pas  ete  filmees. 


Additional  comments;/ 
Commentaires  supplementaires: 


L'Institut  a  microfilm^  le  meilleur  exemplaire  qu'il 
lui  a  »xi  possible  de  se  procurer    Las  details  da  cet 
exemplaire  qui  sont  peut-ttre  uniques  du  point  de  vue 
bibliographtque,  qui  peuvent  modifier  une  image 
reproduite.  ou  qui  peuvent  exiger  une  modification 
dans  la  methode  normale  de  filmage  sont  indiques 
ci'dessous. 

□  Coloured  pages/ 
Pages  de  couleur 

□  Pages  damaged/ 
Pages  endommagees 

□  Pages  restored  and/or  laminated/ 
Pages  restaurees  et/ou  pellicultes 

0  Pages  discoloured,  stained  or  foxed/ 
Pages  decolorees,  tachetees  ou  piquees 

□  Pages  detached/ 
Pages  detachees 

0Showthrough/ 
Transparence 


□  Quality  of  print  vanes/ 
Qualite  inegale  de  I'lmp 


pression 


□  Continuous  pagination/ 
Pagir 


D 


Pagination  continue 

Includes  index(esl/ 
Comprend  un  (des)  index 

Title  on  header  taken  from:/ 
Le  titre  de  Ten  ttte  provient: 


□  Title  page  of  issue/ 
Page  de  titre  de  la  livraison 

□  Caption  of  issue/ 
Titre  de  depart  de  la  livraison 

□  Masthead/ 
Generique  (periodiques)  de  la  livraison 


Thi<  Item  is  filmed  at  the  reduction  ratio  checked  below/ 

Ce  document  est  filme  au  taux  de  reduction  indique  cidessous 

1      '      r 


T 


12X 


J. 


16X 


18X 


20X 


22X 


:6x 


24  X 


30* 


:8x 


J 


i:\ 


w. 


The  copy  filmed  here  has  been  reproduced  thanks 
to  the  generosity  of: 

National  Library  of  Canada 


L'exemplaire  film6  fut  reproduit  grdce  A  la 
g^n^rositd  de: 

Bibliothdque  nationale  du  Canada 


The  images  appearing  here  are  the  best  quality 
possible  considering  the  condition  and  legibility 
of  the  original  copy  and  in  keeping  with  the 
filming  contract  specifications. 


Original  copies  in  printed  paper  covers  are  filmed 
beginning  with  the  front  cover  and  ending  on 
the  last  page  with  a  printed  or  illustrated  impres- 
sion, or  the  back  cover  when  appropriate.  All 
other  original  copies  are  filmed  beginning  on  the 
first  page  with  a  printed  or  illustrated  impres- 
sion, and  ending  on  the  last  page  with  a  printed 
or  illustrated  impression. 


The  last  recorded  frame  on  each  microfiche 
shall  contain  the  symbol  -^  (meaning  "CON- 
TINUED"), or  the  symbol  V  (meaning  "END"), 
whichever  applies. 

Maps,  plates,  charts,  etc..  may  be  filmed  at 
different  reduction  ratios.  Those  too  large  to  be 
entirely  included  in  one  exposure  are  filmed 
beginning  in  the  upper  left  hand  corner,  left  to 
right  and  top  to  bottom,  as  many  frames  as 
required.  The  following  diagrams  illustrate  the 
method: 


Les  images  suiv&ntes  ont  6t6  reproduites  avec  le 
plus  grand  soin.  compte  tenu  de  la  condition  et 
de  la  nettetd  de  l'exemplaire  film^,  et  en 
conformity  avec  les  conditions  du  contrat  de 
filmage. 

Les  exemplaires  originaux  dont  la  couverture  en 
papier  est  imprim^e  sont  filmds  en  commengant 
par  le  premier  plat  et  en  terminant  soit  par  la 
dernidre  page  qui  comporte  une  empreinte 
d'impression  ou  d'illustration.  soit  par  le  second 
plat,  selon  le  cas.  Tous  les  autres  exemplaires 
originaux  sont  film6s  en  commandant  par  la 
premidre  page  qui  comporte  une  empreinte 
d'impression  ou  d'illustration  et  en  terminant  par 
la  dernidre  page  qui  comporte  une  telle 
empreinte. 

Un  des  symboles  suivants  apparaitra  sur  la 
dernidre  image  de  cheque  microfiche,  selon  le 
cas:  le  symbole  — »>  signifie  "A  SUIVRE  ".  le 
symbole  V  signifie  "FIN". 

Les  cartes,  planches,  tableaux,  etc.,  peuvent  dtre 
film^s  d  des  taux  de  reduction  diff6rents. 
Lorsque  le  document  est  trop  grand  pour  dtre 
reproduit  en  un  seul  clich6,  il  est  film6  d  partir 
de  Tangle  supdrieur  gauche,  de  gauche  d  droite, 
et  de  haut  en  bas,  en  prenant  le  nombre 
d'images  n^cessaire.  Les  diagrammes  suivants 
illustrent  la  mdthode. 


1 

2 

3 

1 

2 

3 

4 

5 

6 

Ptow  r— d  and  — nd    In    at    full 
dhcMMlwi  ■«  pottlbit  at  taril— t  d»tt. 

Zf)t  Canabian  l^ocietp  of  Cibil  Cnqineerd. 

INCORI-OKATEI)   1ms7. 

ADVANCE    PROOF— , Subject  to  Revision  i 

N.B.— This  Society,  as  a  iKxly,  does  not  hold  itself  responsiMe  for  the 

statements  ami  opinions  advanced  in  any  of  its  publications. 


Till.    i:i.i:(  TKU  \|.    |)Kl\|\(,    oi     \\|M)i\(.    |;\(.|M>     \\|) 

knl,|.l\(,    M||.|.>, 


in 


C".    AsioNv    .\i)i,i  rr,    .\.  M.  I\>i.  (  .  |;.,    and    II.     \l.    I.\(,n- 

-X.M.i.i:  i:. 

*r<i  lif  ri'.id  at  a  Miiiiai^  Sciidn  Miciiny,  Man  li   l.'iii,  l!)U. 


I  he  use  of  electrical  machinery  for  ilri\iiig  hoisllnn  engines  in  mines 
anil  rever^in^;  rolling;  mill  plants  in  >teel  works  i>  comp-iratively  recent, 
the  first  winders  of  im|xjrtance  having  l:een  introduced  in  l!»l»_',  and  the 
first  electri.  ally  driven  reversing  rollinn  mill  lieini;  in-tailed  in  llMlti, 
ihouKh  non-reversing  rolling  mills  were  driven  elei  iri.alK  -ome  eiyht  or 
ten  years  earlier. 

The  devtiopments  alonj;  these  lines  have  Inen  extnnuU  rapiil,  a- 
is  shown  l)y  the  fact  that  at  the  present  time  about  c,tic  tliou,and  lar^e 
winding  engines  and  nearly  si.xty  reversing  rolling  mill-  ar<'  being  driven 
electrically,  and  still  greater  developments  may  be  e.\|M(  ted  in  the  future. 

Under  thesi>  i  ircl^n^^tatlces  a  pai)er  dealing  with  the  modern  as|>ects 
of  the  subject  and  giving  the  results  of  the  e.\|KTienee  obtained  in  the  past 
would  appear  ,!es>,.^^^,.^,,,, 

I  he  earlier  wiiiuing  engines  were  e.xtravagant  in  power  and  had  the 
disiidvantage  of  <!rawing  ver  heavily  upon  the  source  of  electrical  supply 
at  the  moment  of  starting.  It  was,  therefore,  imp  ^sibje  to  u-e  them  on 
systems  where  the  supply  of  eurrent  was  limited,  and  even  on  eomparatively 
large  plants  their  usc>  resulted  in  serious  interference  with  other  mat  hinerv. 
Thesi-  disadvantages  were,  however,  practiially  done  awav  with  when  the 
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Fig.  I  IVpth  indiiHtor  for  WarJ  LconarJ  or  llgner  hoist,  show  in«  lams  tor 
liniitinii  acceleration  and  deceleration,  and  showing  cagt'  heforc  it 
reaches  the  hank. 


Fig.    4     Diagrammatic  view  of  Ward  Leonard  or  llgner  control  and  hrake  gear 
for  a  winding  engine. 
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'un.iii  .,r  thr.r. ,,(,.„.,  .....r.lnu  lo  il„  ,,o„,r  .u  .iil.tM,  I  l„-  .Kn.itu.. 
m.v  I.,  ..,.,1  ~,,m,  tim.  -  i-  .Inv.u  \n  ,.„  ,  tiym,  ,  «,,,,  r  tnriMm,  .,r  ..ili.i 
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wli.-n  Ihi,  l.x.r  1,  in  th,  iiii.l  |„,Mti.,ii  th.r.-  i,  ti„  .  iirrrnt  in  th.-  K-mralor 
ti.M.  .\>  til,-  l,\,r  i^  III., v., I  in  onr  .lir.<ti.,ii  ili,.  y.n.r.ilor  lirld  .  nrr.iii 
iiKT,-.,..-.  .111,1  ,,,  it  i,  „„,v,-,|  in  111,-  ,,ili,r  ,|ir,.ii,,n  tlu-  u.mr.iL.r  lul,! 
uiirrinl  is  .iK,,  in,r,  ,,„-.|,  l,m  in  ilu   ,>|.|).„it,.  miim. 

Iioni  wh.ii  h.i.  l,.-,n  vii,l  in  ilu-  imr.p,iii,  i,,r\   r.-ni.irks  it   will  |„.  s,-,-i, 
that  wlR-ntli,-i,\,r  i-iii  1 1„   nii,|  |M.Mii,Mi,  lit,-  « in.lini;  .nKiiu- i.  at  a  Maii.l 
>till.amJthatitM,,n.an.U|K-.-,lMii,.,ih.  l.-\,riMn,n.-,l  fi..nitli,-n>i.|,,oMii,.n 
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way  Ilu-  win.liiiK  '  iii;in.-  in,  r.-aM-  in  s,h-,-,|  in  tlu-  oilur  ,lirc-,  ti,.n,  aiul  iliai 
tlu-  s|H-,-,|  „|  th,  »iiulinc  .  nuiiu  i~  pra,  li.  allv  |,n.p,,ri  i,,nal  l,.  tlu-  ,lisp|,„  ,  . 
nu-nt  ,.l  tlu-  I,  \,  r  lr.,ni  tlu-  mi.l  pi.^iii.,,,,  ,,n,l  i,  n.ti  alt,-,  t,-.i  1,\  th,-  w,-ik;l.t 
ol   inau-rial   liiiiiK  hoi-ticl. 
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.oupl.-,|  I,.-  tlu-  ,,mlr,,l  l.-\,r  in  -n,  h  a  wax  a-  to  pr.-\,-nt  tlu-  .ay.-s  1,,-inc 
a.-ii-lirati-<l  at  l,.o  rapi,l  a  rat.-,  .iiul  l,>  slow  up  tlu-  wiiuliiiK  ,-i,«i,u-  ,,i  th, 
prop.-r  iKjint  «.  that  the  l.ank  is  .ipproa,  li,-,|  .u  a  ,  rawlinu  s|m-,-,|, 

l'rovi.1,-,1  tlut  tlu-sc  limit,  >,-t  l,y  th.-  .aiiis  .ir.  not  .-x.  .-.■.I,-,|  th. 
•«|X'i-il  of  the  wind  is  tntirL-h  within  tlu-  .Irivi-r's  <onir,)l. 

To  sl,)w  up  tlu-  win.U-r  an,l  liriiiK  it  t,)  a  stan.lstil!.  iIr.  ,,,ntrol  l,A,-r 
ishroUKht  iM.k  t.nv.ml  ih.-  niul  poMtion,  th.r.-l.y  rnlii,  inu  th.-  (i.-l.j  ,  urr.  nt 
of  thi-  Kininitor.  ami  n-.liu  in«  iis  xoli.i^,-  |„.|,,w  th,-  v,.ltaK.  of  thi-  wiiuliiiK 
motor,  *o  that  th.-  i  iirn-iu  Imiwc.  n  tlu-  iiu,l,,r  .in,i  thi-  g.-iu-raKjr  rcv.-rs.-s 
an.l  the  wimliiiK  motor  >,mv.-s  I,,u  k  ,H.w,-r  to  th,-  Kin.-rator.  thi.>  pr,),|ii,  inK 
a  strong  electric  brakinn  etf,-.t.  The  nu.r.-  r.ipi.lK  the  l.-\,-r  is  nu.v,-,| 
hackwar.ls  towards  th.-  mid  positi,,,,  th--  str,.nK,-r  the  .1.-,  trie  l.r.ikiiiK'  ell,-,  t 
will  I).-. 

I  he  kinetic  vtur^y  ,,f  the  moving  parts  ,,l  the  wiml.-r  is  ,„nvert,-d 
to  electrical  energy  an.l  returiu-,1  t.,  the  system.  Ihe  lever  mav  he  l.ron^ht 
towani  the  mid  |K)Mlion  I.,  prodiue  this  ek-.tri.-  braking  elTeit,  .-ith.-r  by 
han.l  or  automaticilly  by  the  cams,  as  nu-nliom-,!  above. 

The  .lepth  imliculor  and  the  cams  are  positiv.-ly  ,lriven  from  the  .Irum 
of  the  windiiiK  ennine  and  the  cams  are  so  «.-are,l  that  thev  make  less  than 
one  revolution  per  wind,     il-igs.  ;j  and  4.) 


(tiMKHl   l>ritrTi   W  HrJ  r«>tmaril  windiT.   hi    tht*  (  annJiun  C  4illic>rii'H  <  nni- 

fiiiii\'s    (  uniKcrlunJ    (^illierv.    shoMtiiK    HrHkt-    nvtti    mmJ    (.ontrol    U\t-r^ 
Vpth.  I  (HM»  fvvx .    nett  loaJ  per  winJ.  .1'  ■  ti>n% 


l-iH  /■  niaftrani  showiiiR  tht*  equalizing  effect  of  the  fUwheel  on  Mgners  adap- 
lion  of  the  N\  ard  l.eonard  Nvvler-n,  The  wave>  line  at  aKiut  4*MI  amperes 
is  the  current  taken  from  the  suppiv  s>steni.  The  cur*e  which  shi»\s  s 
the  Rreal  variHtions  represents  the  current  taken  h\  the  w  indinjt  engine 
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.n  .1.0  jH,u..r  .,,.,„,„  tuv..  ..  „„.,.■..,„  ,.v..,|.M.|  .. .,...,. u   ...  ..Muuain  ,h.ir 

"^••';,    '"■  ^:"     ^'  •'"    l'^-*'l"l   «'"'   M..,.|..rn   ...l,..,.    ..,..U.,.r, 

U  IM  r. .  l.ou.w.r,  ,hi.  „  ,„„  „M  . ....  ..,,,1  .lu- .., , .  I..r..u,.„  ,„  ak,  ...  ,h. 

«....!...«  .„,„,..  ,r..  I..r,..  .,„n,,ar..l  «i.h  .1,,.  a.,  r..,.   ,U„,,.,„|  .,„  ,„.   ,„nur 

>.a..u„    .„   «|...n    ,1...  «.,„l..r  i,  m.,.,.1..,I  .hruw^h  a  l„„,  ,ra„M„.,M,.n  l.n. 

n.,„  a  .I.Man,  ,.  ,«..  „a,i.....  i, „.,„„..  „... ,..,,,  ,.. ,  „„„,..  „  „    „  ,,.,.,, 

to  lln'  iii.ii.ir  u<  iiciaDr  «>  t. 

I"  th.,  .a...  pmsiM..,.  ,.,u..  1„.  ,„a.k-  >,.  ,ha.  ,l„rin,  a  jK-ak  l..a.l  th.- 
.»....,r  «..,...ra,..r  fa  Is  „,  ,,„.,..|,  .,,,l.li,„  ,ar,  uf  .lu-  >,„r..,l  ,.,„.^«^   ..f  ,1,. 

fly«h..,     ,„  1...  UM ,  ...pplv  ,h..  luavy  .K.„,a.,.l.  a„.l  „  I..,,  ,hc  load  „ 

....all    tl.c.  ,„..,..r  «.,ura,..r  «•,  is  s,k....I..|  u,,aKai,..  ,1,..  s„r,,l...  powr  bvi.,K 
tak.n  ,.,  r.s,.,n.  ,1...  ..„.r«y  ..I  ,h,   |K„|,.,.|.  >.,  ,1,.,,  ,1,..  .I.,„a,„|  fro.,,  tl..- 

iww.r    ...us.   ..r  supply  ,ys.,-.n  i,  ,„ai.,tai..i.l  at  a .,  the  aviTaK,' 

I  I..S  ,«  tho  IlK„i.r  ,yst,-.„.  M.-.all...i  aft.r  tl,.-  ,.„«i„,.,.r  «ho  r.rst  ..sc-l 
II  ,1.  prai  I..  1-. 

Hk.  7  illus.ratcs  tl...  .1....,  o,  ,|K.  Ilyuh...!  iu  ..,uali.in«  the  load  take, 
by  h.  «,„d..r  uhcT.  .,  «i||  I...  ,.,n  „.a.  ,h..  .  .,rr..„,  ,ak.„  l.v  the  wi.,di,., 
"'  I.""',  a.i.l  -  HHMi  aMi|«r.s,  uhiK-  (he  current 
tak.u  In.u.  the  supply  ,>,„.„,  i,  uMintaiuv.l  p.a.li,allv  n.nslant  at  4<I0 
ampc^rcs,  the  .....xi.„u.„  voltaic,  suppli..!  t„  the  wi„.|i„,  ..„,i.,e  an.l  ,h. 
xupph    NoltaKi'  Im'iuh  ihf  s,i„„.. 

Thr...-pha>,.  ...otors  aa-  usually  us<.,l  ,o  .Irixc  ,h,.  „„„or  ^.m-rator  ^-ts 
l^upply.,,,  «,n.l,„«  CKiucs  a.,d  their  s,K.e,l  .an  .,.,lv  I.e  o.uveuientiv  varie.i 
by  ...pr,,,,^  res.stau.es  i„,„  ,he  n.,or  .ircui.s.  whi.  I,  causc-s  a  lossof  power 
I.,  a.l.l.i.,,,,  ,.,  ,h,s  a  certai.,  ,x,wer  is  required  to  .Irive  the  flywheel  to 
overcu.„e  .he  Ir..  tion  a„,l  wiiulaRC  loss,  so  that  while  the  use  of  the  Ilgner 
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II-.M-  r..,ul.,  ,,rr  ...„v,„i,.,„|v  .x,...-M..I   i„   ..n,,.  „,   ,h.    k,l„„,,„- 
"..Iv-M  l,v    ,[„■  .Iruri.    «i,„li„^.  .M^im    ,.l..„,  ,Hr  -luift   I,,,,,,.  ,„.«,, 
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l>  will  ,h,„  W  ,..,.„  ,lKU  wtun  workiuK  ih.  win.iim  .i.Kinc-  on  th.  ILmrt 

v^ith  11,  Wur.l  l..„,Mnl  ,y>u.n,,  an.i  naturallv  «i,h  ih.-  laucr  Ui.re  tlu- 
M  U.I  .>  u„,oupK..|  .,u.  ..i.an...  an-  ..u  .,„.  of  „u.  n  m  r  n  .,  ^ 
ilu-  ll.r.v-,,h,.,i.  motor  i„  avoid  l„„  ,>(  povu-r. 

lo  avoi.i  „,iMM..K.r,tan,linK  "f  th.  above  r.-Miils.  i,  should  be-  sneciillv 

raM„K     h,.  loa,  .  .....  .f  ,he  actual  wd«ht  of  coal  or  or.,  express.-,!  i„ 

"'-.  «h,.  h  ..  rais...]  per  in.nute  ,s  tnultiplied  by  the  .iepth  of  the  ,haft  in 


fc.t,  and  <li\i,l.(l  I.N  :{:{,()(((),  ihc  .h.ili  hur-,-  |H>w,r  i- (.l.i.iiiud.  PIk  -hdl 
horsv  powir  thus  do.s  iic.i  iiK  ludc  tin  niii  h.tiii(  .d  friitiori  of  the  windin 
fHKini',  till-  >li(  iv»,  thi'  ^uuU-.  or  the  rope  I.hm',,  and  the  tiguro  of  th 
kilowatts  divi<icd  by  the  slialt  horse  |,,,w,t  htiiiKs  in  the  nicchani(.i 
«tifi(  ii'iu\'.  a-,  well  ,is  ih,'  eleetriial. 


Ih-taih  III  Iliinrr  Syslri 


I"  eiiahle  the  -peed  of  the  niolor  Keneralor  xl  to  In-  ailloiiiali<  alh 
reduced  -o  tiial  the  ll\  wheel  in,i\  i;i\c  up  pan  of  i|,  stored  energy 
the  three-phase  motor  ol  this  motor  generator  >et  mijM  he  of  the  slipriii) 
type.  I  l:e  »lipriiins  are  ((iMiie<:ted  to  the  automalie  or  iiilermitteii 
slip  regulator  whit  h  in-erls  re^i^ta^(  ■•■,  into  t  he  rot(jr  cin  nil  when  the  speei 
is  to  be  redui  i'(l. 

Phis  slip  re.unlalcjr  UsiialU  consists  of  lirpiid  resi-tanif-  in  whiil 
are  immerse  1  |.lales  eonneetecj  t.i  the  slipriuK's,  and  it  i~  oi)er.ite 
by  mean,-  of  motor  rela\-  -.upplied  b>  (iirrent  from  a  >eri.-  transf(jrnui 
eonneeted  iii  the  eiraiit  of  the  main  three-plase  supply,  so  that  when  thi 
speed  i>  to  bo  reduced,  the  immersion  of  the  pl.iles  is  decreased,  increasing 
the  resi-tance  between  them,  and  wl  .!  the  speed  is  ,ii;ain  allowed  to  rise 
immersion  of  the  plates  is  increa-     l. 

The  series  transformer  is  usually  supplied  with  tapjjings  connected 
to  a  dial  switch  so  that  the  axerane  h)ad  maintained  by  the  slip  ret,'ulator 
«an  be  adjusted  to  the  work  which  i>  bein^'  done  by  the  winding  engine 
A  typicd  >lip  regulator  is  shown  diaj;rammatically  in  Fig.  1. 

Fh  wheels  are  usually  designed  to  etiualize  the  load  l)y  falling  in  speed 
from  1.5  to  •_'()'(,  and  it  is  foutid  that  this  entails  a  loss  of  power  in  the  slip 
regulator  of  about  T'o'^  to  10' j. 

The  flywheel  is  usually  coupled  to  the  tiiotor  generator  set  bv  mean- 
ol  flexible  coupling,  though  in  some  very  recent  ilgner  motor  generator 
sits,  where  there  happens  to  be  no  advantage  in  running  with  the  fUwhcel 
uncoupled,  the  electrical  tnachitie^  and  the  flywheel  are  arranged  to  be 
c.irried  by  two  bearings  only,  reducing  the  first  cost  and  the  friction  losses. 
Of  recent  years  the  capital  cost  of  Ilgner  plants  has  been  greativ 
reduced,  owing  to  the  adoption  of  higher  speed  for  the  tnotor  generator 
Mis  and  to  the  iiTiprovemenls  in  the  manufacture  of  such  flvwheels. 
which  enable  them  to  run  at  ver>-  high  peripheral  speeds  compared  with 
those  us<'d  in  the  earlier  winding  engines. 

For  ex,imple,  the  provision  of  fhwheel  capacity  to  equalize  peak  loads 
of  il(),(MK)  horse  power  seconds,  in  the  earl\-  days  of  Ilgner  winding,  where 
|)eripheral  s|K-e(ls  of  l.-),(KM)  feet  per  minute  were  used,  would  require  two 
flywheel-  of  a  total  weight  of  about  M)  ton^,  the  friction  and  windage  loss 
of  whi.h  would  be  about  l.'>()  horse  power.  I'nder  modern  conditions  where 
the    regular    peripher.il    speeds   are   :.'7,(KMt   an<l    :j(),()(H)   feet    per    minute 


•,-W 


.1  MUKic  Ihwhivl  1,1  •_'•_•  i„,„  weight  „,.iil,|  he  u-r.l.  iiisliad  oi  ih,-  l«,, 
llywh.vls  li.uiny  .,  loial  wui^ht  ,.|  so  („„>,  and  the  lri.tii)ti  and  windav;.- 
l(.>Mv,  would  not  I'xioed   KXt  horse  power. 

A  shm  metal  easing  is  iiMially  plaeed  ouIh.I.'  the  rims  of  the  llywheel 
to  reduce  the  \viiula;,'e  loss  of  the  llv  wheel  t.>  a  minimum,  and  this  is  f.nind 
to  be  sulficient  for  the  purpose,  l.eeause  pra(tieally  all  the  windaKu  loss  i- 
cau-e.l  by  the  outsid.^  surfaee  of  the  rim.  the  w,l,  produ.inu  v,  rv 
little  wind.iKe.  Ihi.  .an  l,e  ,hown  in  a  >trikinK  manner  hv  holdiny  a 
handkerihief  against  the  wel.  near  th.'  inner  surfacv  of  the  rim  while  tli. 
flywheel  is  runninK,  there  l,ein<  -eareelv  .n.Mmh  wind  to  l,l„w  the  hand- 
kerehief  out. 

rhe  IlKUer  ~y-,tem  was  used  on  prartieallv  all  the  earlv  ICurop.ati 
wm.liny  enKdues,  l.ul  a.  at  the  present  .lav  power  stations  ,,n'  h.i,,.^ 
installed  .)f  mui  h  ur.at.r  lapa.  ily  than  th.i^,-  n(  a  few  vears  .11:0.  ami  hi^h 
>p.v.l  turho  Kt'iurat.Ts  ..f  lar«,-  .,v.tI,,,i,I  e.ip.uity  ,ire  h.-iui;  a.l..pt,',|,  ih. 
Ward  Leonard  system  at  the  present  time  is  hein^  used  t.,  .,  miuh  yreat.  r 
extent  than  the  ll^jner  system  for  winiliuk;  engine  work. 


n-    prefer.dj 


i.eneralU   speaking,  the  llyner  ■.yst.ni  of  windini;  ni.i 
to  the  Ward  l,e.)n.ird  s\stem  in  the  foll.)wini;  cases: 

ll;  When  the  time  .Mcupie.l  hy  the  wind  i-  ~hort 

i2)  For  \erlical  shafts. 

i'i)  I'or  large  outputs. 

tj  Where   the   winding'    sped    is   \ery    high. 

The  above  conclusions  may  be  c.)nsiderablv  moditie.l  l.v  the  nalur. 
ol  the  ile.  trical  supply.     Where  the  p.iwer  stati..n  is  small  or  t  he  win.l.r  i. 

supplied  through  a  transmission  line ..fconsi.lerable  length,  the  IlKUer  system 
will  be  m,,re  suitable,  but  where  the  p..wer  station  is  large  an.l  near  the 
winder,  the  Ward  Leonard  system  is  the  better. 

Where  power  is  being  |)iirchased  fr.jm  a  Supplv  Conipanv  the  .  hoi.  . 
..I  system  would  be  ver>  greatly  inlluence.l  bv  th.'  method 'of  chardn.; 
ad..pled  by  the  Supply  Companv  an.l  by  their  regulati.)ns  a.  K,  th.^  p.  r- 
missible  overl.)ads  an.l  the  amount  ..f  .listurbances  which  thev  will  permit 
10  the  regulatu.n  of  their  system.  It  is  always  advisable  to  Jon-ider  e.i.  I, 
case  .)!!  its  own  merits. 

Where  there  are  a  number  ,,(  win.ling  engines  supplie.l  fr.im  the  ^ani.. 
p..werstat..m  the  War<lLe..nard  system  woul.l  prove  verv  suitable,  lurau-. 
'lu'  .omb,ne,|  clle.t  of  these  win.ling  ..ngines  w.,rking  together  will  be  .0 
re.lu.e  the  pen cntage  ..f  lluctuatioiis  .,n  the  p..wer  stali.,n  l.,ad. 

Fig.  S  i;iNes  an  illustration  of  this  principle,  an.l  .hows  a  case  wh.  r. 
thn-e  rolling  mills  are  supplie.l  fn.m  a  single  p.jwer  station,  .m.l  although 
the  loa.l  ..t  each  .me  varies  .,bou.  7:!'  ;,  the  Dial  lluctuation  in  ih.-  pow,  , 
sl,iti.>n  load  is  about  2.S' , . 
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Brake  Gear 

The-  nurhani.al  l.rak..  is  so  arrariKf.i  that  vvh.n  it  is  n.|,iiml  t,.  l.rin. 
.t  mto  a,„.,n  ,t  is  anuatci  l.y  a  weight  at  th.  .n.l  .,f  a  Uvcr,  l„„  it  i, 
normallv  held  „(f  ihi-  (Iruin  l.y  an  air  <  ylindir. 

Lmkr  normal  ron.iiiions  the  ranis  un  ihr  .1.  ,.il.  in.li.alur  a.iNatv  th, 
.ontrol  lever,  so  that  the  ,  a«es  approach  th.-  l,a.,k  at  a  verv  slow  sp.e.l 
Uh.n  they  rea.  h  the  hank  the  .Iriver  l.rinKS  the.n  to  re.t  l.v  means  of  hi. 
M.ntrol  lever,  ,.,,,1  then  puts  on  the  mechanical  brake  to  hol.l  the  ea«es  i„ 
posuion  by  means  of  the  brake  lev.r.  The  brake  lev.T  is  interlocke.i 
w.th  the  eontrol  lever,  so  that  the.  .Iriver  .annol  put  on  the  br.tk,.  bv  mean, 
ot  the  brake  lever  until  the  control  le^er  is  at  about  its  mi,|,|le  position 
I.e.,  unless  the  cages  are  moving  at  ,i  comparativelv  slow  speed 

I.,  enable  th..  .Iriver  t.)  st.,p  the  win.ler  in  ,ase  of  anv  en.eru.ncN 
aristttg,  a  thtr.l  lever,  the  emerKen.y  leNer,  ispla.v.l  on  the  .Irivr's  plall,>rn, 
a.ul  If  this  IS  operated  it  puts  on  the  me,  hani.,.l  br.ike  through  the  emer- 
«eno-  gear  an.l  at  the  same  time  cuts  off  th..  excitation  from  th..  dvnam.. 
..f  the  mot.,r  scerator  set.  A  thn.ttle  vaKe  is  rt„...|  ,o  the  ..ir  cvlituler 
t.>  prevent  the  a>r  fron,  es.aping  t.,o  rapi.lly.  ,.,  that  if  the  tnechanieal 
brak..  ts  put  .,n  thr.,UKh  the  emerK.ncy  gear  it  takes  a  se.-on.l  ,.r  two  to 
..pply  >t  w.th  full  f.,r.e.  and  .lamag..  w.,ul.l  not  !,e  .ause.l  bv  the  «in,ii„u 
engine  being  pulled  up  too  rapidly. 


Safi-/y  /)n'i<cs 

From  w^hat  has  been  sai.l  ..b.,ve.  it  will  be  seen  that  the  brake  is 
applied  by  the  positive  action  of  th..  weighte.l  lexer,  an.l  if  the  air  pressure 
sh.,uld  fa,  the  brake  is  pn.mptly  put  on.  The  armatures  of  the  winding 
m..t..r  an.l  the  generat.>r  are  ix-rmanently  conmct.-.i  l.v  heavv  .ables.  an.l 
here  are  no  cut-.,u,s  .,r  switches  in  this  circuit,  s.,  thatthe  circuit  between 
the  armatures  cannot  be  interrupte.l;  electri.ai  braking  is  alwav- 
available  as  well  as  the  me.hanical  brake,  unless  the  excita,i,.n  sh..ul.l  fail 

lo  pnnect  the  electri.ai  ma.hinery  an.l  the  win.ling  .ttgine  against 
un.lue  .nerloads  an  overloa.l  relay  is  .-onne.te.l  in  this  .ir.-.tit  between  ,h. 
armatures,  whuh  if  bn.ugh,  into  ..perati.m  cuts  ,.tT  the  ex.  itati.,n  fn.m  th.- 
d^namo  and  puts  on  the  mechani.al  brake  through  the  emergencv  gear 

As  mentu.ned  above,  .ams  are  pr..vi,|...|  ,.„  ,he  .iepth  in.li.at..r  which 
k..ep  the  a.-.elera.,..n  wtthin  safe  limits,  an.l  the  cage  is  br..ugh,  gradualK 
to  a  sl.n  spee,  by  the  „me  i,  rea.hes  the  bank.  An  overwin.l  .levic..  i. 
I.  ov,,le,l.  usually  both  on  the  ,lep,h  in.li.ator  an.l  in  the  ,haf..  whi.i,  put. 
on  the  mecham,.al  brake  thn.ugh  the  emergcn.y  g..ar  and  cut.  ..(T  th- 
cvitation  shoul.l  the  .age  .nerwin.i  the  bank,  therebv  bringing  ,h.. 
ending  engine  tnstantlv  to  a  st..p.  Sh.,ul.i  the  air  pre.sure  or  ,  he  ex.  ita,  i. ,m 
lail.    he  mecham.al  brake  is  put  on  l.y  means  of  the  emergencv  g     r 

If  the  motor  generator  set  shoul.l  spee.l  up  when  a  h.a.l  is  b..mg  lowere  I 
and  energy  .s  being  returne.l  to  the  system  by  the  win.ling   motor.  ..ith.- 


«..ndi„«  sp.eU,    2,^n«  fee,    pe^/'^^'ut.^-M^.'o",^'  i'4/H,' ^rse-'ri^X^ra"; 
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' '      \?"tu  ">  *heel  motor 

Markham  Steam  Coal  CiiinnnMv  r"^«'^-':  -  y-"  --■-  *""  "mucrs  at  me 
voltage  DC.  generato^  dnfen  bv  tw "  th°rero°h"^*^""'"-  '*°variahll 
horse-power.  510  to  S90  rp  m  „n  f.  hOO  h  niif*"'?^'"'^  motors,  each  W,0 
circuit.  ^  "^    ""  "•""<'  ''•OOO  volt,  three-phase.  50  cycle 
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o*i'i«  lo  tl„.  .inui,   l.r...,k,.r  in  ,|, 

;''!"•""'  '"r  P..w..r  fro,,.  ,1,..  ,vs...n.  C!!i    ",  V'-'"  "'"""«  '""  "^  '"  tl.o 

-i-i,. ..'::;;, :;;:;:,:; :!::;;;:.::;  :;;;.'^::;;;.  ;;;->•  ...>. ,. ,...,,,.  ,.,„^. 

^■-.1..,  I,..,„ili,„,  ,...,  i,.  „„,  „,„,„,,.,  '^,^""'"  '7—  th..  plant  a«ain,r 
-"'.  'I-   ll..u.r..,„l   „H.   Uar,l  ,    .       "'":    '''■^"-   —   'iiMK.,..! 

f>;"-t..,|   au..i„M    .,.r..,..s,    l,a„|i;'        ,  ;■    '"    """'''    ^""    '"■    '"-'tcr 

-y-^'  n.n,li.io„>  o„  „,,  ..!„,n.',    ,    ,   '       "'"',"«  """  "»I"'-  n,u.  1,  ,„ore 

;"a>   ns.  ,o  V2,<m  „.,..  ,„  ,„  J:  \;      ;  J?;'-';  ''.-"«  i".livi,l„al  passes 
•he  total  ,i,n„  „,,„  „  "  >"^  the  total  tnn.  of  ,|,.  p,.,„.,,  j  ^. 

r"'    •'-    ">'.'■   .inn.   tak^t^^l     ■""■""■  ^""^''^^ ->-'-'.  o,„pa  Id 
''  -  •».,„  easily  socn  tha  t,le  ■   '  I  ""  """'  ''"""  '"  '  '''""■"  -  ii"et 

sr-;;r- '"•"----■ '--^^^^^^ 

-^how  .1,..  „ork  don.,  p.^  ,.L  i  J/t  Vo'''"'*''"'n^  °^  "'"•^'^"^"'■'-P-es 
eompar.d  with  ,1,.  nuxi,„u,;  p"  ^  ,  u.'  h  ?*"  "'^' -•^■'"''K"  Powcr  is, 
'"°'°r-  '       ''  '''"'-h  has  to  bo  Kiven  by  the  mill 

-ui^i  i.;';;;:p:;,r,;!;::;;;:^i^,;i^-;;  ^oist.  the  duration  of  a  .ind 

-"'I  the  ,„axi,nun.  power  rec.^ir;     !, ,       '    '  """''  "^  ""  ^'^'^^"ds  or  so 
power,  so  that  the  average  pow'rL  of   h,  ""-"'"''  '•"^'  '"  ■*-'^'  hors^ 
^•^  _  Uhile,  as  has  ateLJ  be    ,  po t^d  "''°""''''^^'  "^  ^''<--  ------ 

-  en.ploy  dy.heeU  with  windin  /en"         it"     ',"  "  '"""^•"">-  "— •>• 
-^  lywheel  to  .he  ,„otor  generator  se,      V  "■^•■'  "^''^''^^'-y  to  couple 

"'"1  motor,  and  to  ma  Jpn.?!  „  j,    hn  \h"'^'""  ^  "^''-^^'"^  -"'"« 
'"    ^P-H  when    the  ,i„    L,„,  ;";■;'  the  n,otor  generator  set  falls 

equ.res  a   heavy  power   to  enable   the 
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tlvwliccl  lo  k;i\c  lip  somtMif  iin  (lowir,  ami  thiii  ri-i--*  in  six-nLi^jain  uht-n 
mill  inotor  i-  not  ri(iuiriti«  powir.  thtrili>  ii^inn  i lie  supply  nf  the  \x) 
huusc  lo  -tort'  up  «'iuri;v  in  the  llvwlu'fl. 

LxiHjriincu  lia-.  >h()Wf>  lli.it  iu  a  ^tttl  works  whcri'  flrrtriial  |H)W< 
bfin^;  ^iiRT.iliil  iu  a  hla!>l  furnaic  na>  iiij;iiiL'  powtr  station,  tht-  Hyw 
o(  liif  motor  ntncrator  M't  has  .i  viry  licm  Tu  i.il  clTi'i  t  in  kctpinu  ilown 
cost  i){  this  (Kiwcr  station. 

The  rtywhutl  of  the  motor  gciK-ratur  set  can  be  arrangcil  so  thi 
not  only  rfdutcs  tlurtuations  in  the  ileniand  of  |x)uit  niailc  by  the 
motor  to  a  minimum,  but  is  also  capable  of  reilucinR  or  even  obvia 
peaks  of  short  duration  in  the  power  dem.inil,  whii  h  may  occur  in  o 
parts  of  the  plant  which  are  supplied  from  this  power  house.  'I'hi 
particularly  the  case  where  direit  current  power  i^  bcinj;  supplied. 

.Xs  the  blast  furiia(  e  u-is  engine  has  a  \ery  small  overload  capai 
this  will  ob\iate  the  neces>ity  of  running  extra  yeneratinn  sets  in  ordt 
take  care  of  the  peaks,  and  it  will,  therefore,  both  enable  the  total  inst. 
horse  power  of  the  power  house  to  be  kept  to  a  minimum,  and  will  also  1 
d-.c,  n  the  runnin>i  costs. 

A  re\ersinn  rolling'  mill  motor,  on  account  of  the  rapidity  with  whii 
has  to  re\  erse,  must  be  so  designed  that  its  moment  of  inertia  is  kept  d 
to  a  minimum  and  special  precautions  must  be  taken  to  see  that  the 
of  the  generator  supplying  this  reversing  motor  should  build  up  as  rapid 
possible.      This   has  been   accomplished  so  successfully  that  it  has  1 
found  possible  to  reverse  a  large  reversing  mill  motor  having  rotating  f 
weighing  over  70  tons,  30  or  40  times  per  minute  between  a  sjx'ed  t. 
revolutions  in  one  direction  and  tiO  revolutions  in  the  other,  when  no 
is  being  rolled      Such  tests  naturally  cannot  be  made  while  steel  is  b 
rolled  because  it  would  be  quite  impossible  with  the  present  type  of 
roller  tables  to  return  the  ingots  to  the  mill  quickly  enough,  but  such 
are  useful  in  showing  the  very  high  rate  of  acceleration  of  the  mill  rr 
which  can  be  obtained,  and  as  a  measure  o(  the  handiness  of  the  mill. 

Pmver  Diagram  for  Reversing  Blooming   Mill 

l.'nder  ordinar>  conditions  the  power  diagrams  for  each  wind  of  a  1 
ars  identical  and  can  be  calculated  with  considerable  exactitude  fron 
conditions  of  working,  but  with  a  rolling  mill  the  power  iliagram^  for 
pass  vary  very  greatK-  from  one  another,  and  cannot  be  calculated 
any  accurac\-,  for  the  following  reasons. 

During  the  earlier  passes  heav\  dr.ifts  are  taken  but  the  ingot  is  < 
short,  consecpiently  large  powers  are  retpiireil  for  very  short  times;  bi 
the  ingot  is  gradually  rolled  out  to  a  bloom  of  considerable  length 
reduced  in  section  the  drafts  are  diminished,  as  the  reduction  in  area 
be  kept  moderate,  otherwise  the  bloom  is  damaged  by  the  formati< 
surface  cracks  etc.,  so  that  during  the  last  passes  the  necessary  power  i 
very  great,  but  it  is  required  for  a  considerable  time.  This  is  shown  b; 
results  of  the  test  given  in  the  foiiowing  table. 
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Fig     I"*     Typical   parabolic  curve  of  work   done   in   ro.ling  down 


an  ingot. 
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el.,|,-.-  l.ctw.ci  ...i,  h  wind,  llu'  liywh.rl  ^ivr-  n,,  p.av.r  .liirinK  ,,  w 
r.-K.un-  1.  .lurii.K'  tin-  inlrrv.,!.  ihusxrvinu  i,,  ..luali/.-  ihc  |...vvvr  I 
.n.li\i,l,Mlwn,.l>.,M,lJm,.rv.ils.     Im  tin-,  ,,.,■  ,,|,,  n,lli„«  n,ill,  and  part 

a  M.M.minK  mill.  t>,c  llvwlud  ha.  to  ,|„  .,  ,|,,„|,1, ,..  UvaiiM'  .hit 

luM  p.^M's  iiiailr  ,111  an  ini;,,!  lli,.  mill  „„,t„r  has  to  ijivf  a  lari;. 
I..r  a  v.ry  ,|u,rt  time  a-  the  inj-ot  is  ,h,,ri,  .n  that  thf  ciutkv  .  ons,, 
•iiiiini;  tin-  larlirr  pa-~i>  i<  unuh  l,--  ihan  ih.;  .ncruv  .onsii 
<lnrniK  th.-  lal.T  pa^s,.,.  whciv,  .ilthouuh  ih.'  p.^wcr  ^hm  hv  the 
Is  n.,t  -o  ijr.al,  the  ini-ol  ha>  hcci,  rollr.l  out  to  a  ron.i.hrahlf 
so  that  a  \  try  considerable  ciKr-x  i>  recpiired  per  pas-.  The  lli 
llurrfore,  hasioKive  iij)  eiier^'V  (liiriMj;  the  p,,s.se-,  and  reviain  it  dur 
iMierval  hetween  passes,  and  also  the  llyuhe.l  i;.>ins  ener^^v  ,l.iri 
lirsi  pas-i>  ol  ,,n  in^ol  an.l  lose>  eneruv  during  t  he  later  pas>e.,  so  I 
spee.l  variali,„ih.i>  a  <l,.iil,le  period,  na.nelv.  a  short  period  of 'al.oi 
10  Mvond-,  rorre-pondin«  to  the  partial  e.|iialisation  of  power  hi 
the  pass  and  interv.d,  and  a  loii.i;  peri..d  of  aliout  :5  minute,,  c.rresp. 
to  the  ecjualisation  of  power  over  l\w  whole  linu'  of  rolliui;  ,in  inKot. 
is  >h(j\vn  in  the  lower  <  Mr\e  of  I'i^.  2(). 

Where  ingots  are  heiuK  rolh^d  re-ul,ulv  one  after  tii,.  othi 
IK  wheel,  in  conse(|uen(e  of  thi>.  is  at  .ihout  its  lowest  .p,.,,|  „  hen 
ingot  iMUers  the  rolls.  When  the  ingot  is  alM.ut  half  roll,  ,1  ,|own  the 
IS  at  its  maximum,  an.l  the  llvwheel  i>  again  .it  it-  low,  m  -,pee,|  wh 
ingot  has  luen  rolleil  ,|,n\n  to  itr,  final  -e.tion. 

As  the  llvwheel  used  in  ,onneetion  with  a  rolling  mill  has  t,)  e<| 

the  p,jwer  over  a  period  of  three  minutes  ,.r  so,  it  i>  usualK  f.uind  that 

flywheels  are  mueh  heavier  than  those  applied  to  winding  engines. 

motor  generator  set  for  a  blooming  mill  is  Usually  supplied  with  a  th 

weighiiig  about  40  tons,  while  a  motor  generator  set  provide<l  f,)r  a 

mill,  or  a  finishinR  mill,   is  generally  supplied   with  a   llvwheel  wei 

anything  from  (iO  to  KM)  tons,  depending  on  the  work  whieh  has  to  be 

The  motor  generator  set  for  supplying  hoists  ,.r  winding  engines  is  gen 

pro\ide<l   with  a  flywheel  of  not    more  than  from  'JO  to  ;iO  tons. 

flywheels  would  run  at  a  peripheral  speed  of  about   2(),()()()  per  m 

though  in  ..ome  cases  this  peripheral  speed  has  been  ,  ,Misi,lerably  inert 

Sueh   a    l(K)-ton   wheel  running  at   this  speed   would   have  a  = 

energy  of  about  UOO.OOO.CKK)  foot  lbs.  or  "> 4,5,000  horse  power  seconds 

in  falling  L'O' '   in  spee<i  would  give  up  1(KS,()00,0(K)  foot  lbs.  or   lit 

horse  power  seconds. 

The  total  work  recjuired  to  roll  a  1  '^  ton  ingot  lo  a  4*4  .\  4''4  bil 
59,000,000  foot  ll)s.  or  10S,0(t()  horse  power  seconds. 


Safety  Devices 

The  safety  devices  provided  for  an  electricall>-  dri\en  rolling 
are  of  a  much  simpler  character  than  those  pro\  ided  for  a  hoist,  bee 
it  is  not  necessary  to  provide  against  the  possibility  of  an  overwind  oi 
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loaded  cage  falliu^  to  the  bottom  of  the  sh.ilt  due  to  th.'  f.iilurr  of  ,  he 
electric  power,  h  h  onK  nece-.irv  to  protect  the  electric.d  plant  a,id  the 
null  itse.f  agaiiisi  circles,  h.indling. 

Shell  ,oupiings  ,.re  usually  provi,|ed  to  couple  the  pinion  wobblers 
to  the  leading  sprndUs  to  prevent  the  motor  or  pinions  being  shifted  from 
their  bclplate  bv  ,ixi,d  thrust  .lue  to  ,.  broken  roll.  This  fe.iture  is  usually 
also  introduced  into  well  dcigu.d  steam  ,lri^.■n  mills.  .\  ,  ircit  br.aker 
IS  provided  .n  the  main  circuit  between  the  generator  of  the  m.,tor  generator 
.set  an.l  the  mill  motor  to  cut  off  the  power  from  the  motor  in  case'  through 
carelessness,  an  attempt  is  m,,d..  .o  roll  a  col,|  ingot,  or  (oo  gre.it  a  draft 
IS  taken  on  an  nigot.  imposing  a  greater  strain  on  the  motor  and  mill 
than   they   were   designed    for. 

The  (ircuit   break.T  is  a   protection  against   broken  rolls  as  well  as 
against    damaging   the   motor,   ..n.l    it    must    be   remenib.Te.l    that    manv 
ro  Is,   especiall>     the    bottom    roll,    have   a    v  .ry    small    factor   of   s..fetv 
UJr.    Puppe,   Iron    and   Steel    Institute,    C.rnegie  S.holarship    Memoir's 
Vol.  1   ,  page  .500 1.      Such  a  circuit  breaker  woul.l  be  most  objectionable 
•f  used  with  a  hoist,  as  only  the  prompt  application  of  the  brakes  would 
prevent  the  ,a,.  t,.lling  in  the  shaft  when  the  breaker  opened,  but   with 
a  null,  when  the  circuit  breaker  acts  the  tnotor  merelv  cotnes  promptiv  to 
a  standstill,  and  if  th.Te  is  an  ingot  between    the   rolls,    the    ,nill   cu,'  be 
reversed    the  circuit   broker  put  in,  the  ingot  run  out  of  th..  mill  ..gain 
and  no  damage  is  done. 

This  circuit  breaker  can  either  be  operate.!  instantaneouslv  bv  a 
."a.x,miim  current  cut  out  in  the  main  ,  ircuit  or  else  opene.l  bv  a  lever 
under  the  control  of  the  .Jriver.  In  the  latter  case  the  fiel.l  .urrents  in  the 
generator  and  motor  fiel.i  are  re.luce.J  to  zero  before  the  circuit  breaker 
operates;  m  practice  this  han.i  lever  is  sel.l.jin  used. 

During  the  latter  passes,  when  theingot  has  been  n.lled  ot.t  to  a  bloom 
of  considerable  length,  there  is  time  to  accelerate  the  mill  to  a  much  higher 
speed  than  is  possible  when  rolling  a  comparativelv  short  ing..t.  and  thi 
des.rable  m  order  to  get  the  work  .lone  as  ..uickly  as  possible'  wl.lle.  as  the 
section  has  become  much  reduced  and  the  draft  is  small,  a  relatively 
small  turning  moment  is  required.  This  is  clearly  shown  in  the  table  on 
page   11, 

whiriyf,mT"'  "'"'"'■  ''  "^'°"'''-'  '^^"'^■■'■>t'-d  to  the  maximum  speed  at 
Tol  ae  nT"'^  """r'r  "  "^""'  ""'  '"'""■^^'"^  '^^-  ^'^'^^  "^  '^e  variable 

dit io,f.l       T    r         ^'  ""''    convenient    way  of    obtaining  the    ad- 
ditiotial  speed  without  increasing  the  size  and  capital  cost  of  the  plant  is  by 
decreasing  the  mi  1  motor  f^eld,  though  of  course  at  the  expense  of  "dt    ing 
he  possible  turning  m.imeiu.  which  decreases  at  a  faster  rate  than    Je 

Tnt  ofThnnK"  ''''-'•  '—'  --"  --  -"  ^'^^  ^"^  -'^"i- 


i:. 


,.*5M 


I'hcrc  i>  ,il«,i\-.  the  |iov>iliilii\  ,  hii\M\(r.  .il   Un,  \\,.\\\     i  ilr.ill 
l.iktii   llirc.ii,i;li  ..irclc— no-  when   ihr   mill   i-  rmiiiiii^;  ,it    llii-  hii;h 
<aii-im;   ail   oMrluail   ai^aiii-l    uliiili    ilic   (  ire  nil    linakcr    uniiM    uol 
pniprr  |inilic-ii.in.       lupriM   <\   ilii~,i  rrl,,\    i~   prox  idnl,   uhi.ii.   u 
'<],'  ial<-.  -irt  iii;llicii-  llif  luoioi  In  1<|  |,,  ii-  lull  x.ilur  aM<l  rr.lin  .-  llic 
-IMiil  n>  llir  in.ixiiiuim  al  uliii  li  it  i  ,iii  i  \.  r  l  ii-  iiia\iniuni  luriiin-  iim 
llui-  ImhIi  n.lu.  iii;^  I  111-  ..\rrl.)ail  ami  |.!il;iii-  ihc  iiiMh.r  in  a  IpiIU  r  |m 

'"  "i>'  '   il.  I'lii   ii  llu-  ..\<rliM(l  i>  -till  -rial   Inr  ilu'  in ■  ihr  . 

I>ri  ak(  r  u  ill  npm. 

llu-  |>lir|Mi>r  111  ihr  ll\ullirl  lollplril  In  llic  iiiMi,,r  i;,,,,  ,-.,,,  ,r  . 
iiK'niinncil  ali.iM  ,  i-  m  m-mi-  llul  llu  n.llini;  null  pi, mi  laki-  an  a\ 
r-tcaily  pduii-  liniii  llu-  piiui-r  -lalimi  irrr-pii  l  i\ .-  ,,\  .iin  llurlu, 
in  po\u-r  llu-  mill  ina\  rcipiin-,  Inn  i  lit  x.ilin-  .it  i  In  a\i  r.u.  -iiaiK 
■  lipinil-  on  llu-  unrk  llial  llu-  mill  i-  il.iini;,  i.,  ..  ih,-  iinlpnl  ami  llu-  -i 
lluil    i-   liriiiv;   rnlliil. 

It  llu-  n-i;ulaliiiu  iiu  rliaiii-m  i~  -rl  Inr  llu  iiia\iniiim  i\ir,ii;(-  - 
piiui-r.i  orrr-pinnany  In  llu-  lii-av  ii-l  unrk  llial  i-  ilmu  in  llu  mill.aiu 
mill  h  liyliii-r  unrk  i>  ijniu-,  rnllim;  -l,.li,  liiiplali->  tni  iii-i.mrt 
pnui-r  Mki-ii  will  lliu-liiau-  mn-iili-raliK  ,  Imi  \mII  nm  t-x,-,,,!  i  h,  \,| 
.i\(-raur  pnwi-r  I'ni   uliirli  the  n-L;illatnr  ha-  lii-i  ii  -rl. 

A-  thi-  lliK  iiialinii  ma\   ail\(-r-t-l\   alii-ct   llu    n^ulaiinii  nl   ihi-  | 
hoii-r,    mi-aii-  an-   prn\iili'(|   in  i-iialiU-   llu-   ri--iila...r   in   maiiiMin   a 
\.iliir   nl    ,i\i-ra:;i-   -IraiK    pnui-r,  rnrri-pniulin-    in    llu-    unrk    llial    i- 
ilniii  . 

II  llu-  ri--,;iilalnr  i-  -el  Inr  llii-  Inuir  \,ihir  am!  lu-.iw  un 
ai;,iiii  ilniu  in  the  mill,  llu-  -.iirplu-  pnui  r  will  In-  ilr  luii  Imni  llu  iK 
In  v:i\c  llu-  nil  r--ar\  riu-ri;\ .  llu-  >pi-i-il  nl  llu-  inninr  i;iiu-ralnr  -i  i 
>iiik  Inui-r  anil  Inui-r  lill  ,ii  la-l  the  ll\  u  lu-i-l,  u  Im-i-  -inn- ni  nu  ri;\  i- 
pnriiniial  In  llu-  -ipian-  nl  il-  -p,-i-il,  uill  nm  In-  aliK-  m  -uppK  ■  nmi-h  | 
111  ilrau  llu-  liilli-l-  lliini!-h  ilu-  mill  ami  ilu-  mill  uill  -talk 

In  priM-iii  ihi-,  lun  inlnn-il  lamp-  an  prn\i,li-.l  nii  ilu-  .h 
plallnrm  in  -ii;iial  llu-  -pi-nl  nl  ilii  tKuluil.  llu-  lir-l  mi,-,  ilu-  i  ,, 
siunal,  li:,;lil-  up  u  lu-ii  ili<-  |1\  ului!  i-  alimii  L'_"  ,  in-Inu  lull  -pi  nl,  m 
llu-  ilrixi-r  lli.ii  ihr  ,i\rr,ii;i-  pnuir  i-  inaiK  ijimIi-  In  ilu  unrk  In  i-  i| 
aiul  ilial  llu  rr'..iil,ilnr  mn-l  Ik-  -rl  In  .1  lii;;lu  i  \,ilui-.  llu  -1 .  nii 
il. 111:^1-1-  -i^n.il.  liyhl-  ulu-n  llu-  ll\  u  luil  i-  :i(l' ,  lulnu  -pir.j,  ,111, 1  v 
till-  iiri\i-r  ih.ii  it  In-  i;ik-  mi  hi-  uill  -lall  I  In   mill. 

A   i;nni|   ili.il   nl    -p.lii-  in    I  |li-  p.iprl    ha-  Ini-ll   ill-\nli-ll    In  lil-i  riplii 

sili-tN"  ilr\  in- lini  il  -Imulilnni  In- rnn-iili-n-il  mi  1  hi- ,in  mini  ili,ii  t  lu 
.my  inhrrviu  ri-k  in  ii-iny  Muh  ulci  trir.il  plant .  a>  I  lu- -,iti-i  \  ilr\  ii  i- ,1 
lirnti'ct  llu-  pi, mi  ,iKaiii~l  i!aniai;i.-  ilni-  to  lan-l.-.--  h.iinllin-.  ilu  i|,- 
appliiil  In  -u-,im  hni-iiiu;  i-nyiiu--,  ami  p.iri  ii  iikirK  In  -u-am  n\r 
nillini;  mill  i-ni;iiu--.  .in-  nt  a  mm  h  mnri'  nitlinu-nt.ir\-  ik-i  ripiinn.  am 
>,iti  i\  III  -uill  -ii-.im  pl.mt-  rialK  ik-pi-niis  on  tin-  ^^kill  ami  fxpi-rii-m 
I  hi-  ilri\  tr. 
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Fig.    22 


rivers  platform  iif   mill   shown  in  I  i.r 
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i".      The  main  control   lever. 
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I.    shouKI    U-    „artu„larly   poimc.l    ,„„    ,  hat    ,h,.   d.r.rically   , 

roll,  wh.lc-  ,h..  s.can,  online,  unlcs.  ..a.vfullv  han.ll..,!.  will  ra.v  an. 
«  w  a  y . 

Thret-  Jlii^h    .Uii/s 

The  authors  hav.  s,.Kr,.,l  th.  dcr.ricaliy  .lri^..^  l,!o„n,inK  mill  ; 
-unplc.   an<l    s.uj.-..  u„l..r.unatdy  .l-.s  no,  per,,,!,  th.  .lis.u 'io,.  .;, 

h  e^:ln""  "^;'^^,^^-<'.';™'   ^>--"   -o  sui.   th.  r.p,ir.„u.„ 
pi.iti'  millH;  and  hnishinj;  mills. 

It    is,  hmveviT.  important   ,„   mention    that    th.T.    i,   an    incrc. 
endency  .n  I-nropc-  to  us.  th.  Uar.i  Leonard  .vstem  for  the   driv 
thr  e   h.Kh    fin,sh,n«   mills.  i„.,ead  of  a   tontinuous   runnin,   moto 
nywhecl  coupled  to  the  mill. 

The  reason  for  this  is  that  the  Ward  I^eon.n!  s^  .ten,  enables  a  n 

er:d:;'r' '" ""  r"-"-?' '"'-' "-  '""■• ''™"-  •--  -- 

as  the  roll,  have  K'r.ppcd  the  bar,  the  sped  is  run  up  to  a  tnaxim,  n 
.itm.mshed  a^tm  so  that  the  bar  leaves  the  rolls  at  a  Jeasonahly  lo.;  I 
As  a  KHt  lb.  rati  rolle.l  from  a  4',-to„  in,,,,  f,„i,hes  about  <( 
on,  and  bulb  angles  and  channel  often  ..nish  2....  ft.  Ion,,  the  v, 
'."H-  wh..h  may  be  effected  can  be  appreciatc.l.  atul  as  this  endr.. 
materta  to  be  hnished  much  hotter,  the  work  done  in  rolling  d  . 
se.iuently  the  cost  of  p.mer,  i>  reduced. 

Where  a  three  high  mill  is  driven  on  the  Ward  Leonard  svsten 
.s  ound  that  there  are  far  fewer  broken  rolls  than  when  it  is  coupled  t 
continuous  running   motor  and   tlvwheel 

c-iuitll'^co  r"'f"yr"T  '"■  '"'""""   '•-^""•^'^  '^  ■""^^^■'«h   the  increa 
lapital  cost  ot   the  plant. 

""H REE-PHASE  SYSTEM 
Application  of  Three-Phasb  Motoks  to  Wt.sn.No  Engines  and  Hois 
A  three-phase  motor  cannot  be  built  for  a  very  low  speed  without 

s^s^em  aTd^      :h'  "'•  ''''V'"''  '°  "^^^  '''  ^^^^"'^'-"  "^  ^he  Z^ 
system,  and  for  this  reason  where  three-phase  motors  are  driving  wiud 

engines  they  nearly  always  run  at  higher  speeds  than  the  drumf     ^d 

geared  to  them.     In  the  Uard  Leonard  or  Ilgner  system,  howe "r!     tr 

direct  current  motor  is  used,  this  is  almost  invariably  direct  coupi;d  t o  t 

Control 

The  spt>ed  c.  a  three-phase  motor  is  controlled  bv  varying  the  r 
sistance  in  the  rotor  circuit  so  that  all  three-phase  winding  engine  moto 
are  natura  ly  nipring  motors,  while  the  direction  of  rotation  is  r "er^d  fc 
interchanging  two  of  the  connections  to  the  stator.  so  that  a  rev^rsi 
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Fig.  23— Cylindrical  drum  three-phase  winder  at  the  Acadia  Coal  Company, 
Stellarton.  Nova  Scotia,  showing  motor  and  double  reduction  gearing. 
Total  length  of  slope,  4,92i  feet.     Nett  load  per  wind,  II  tons. 
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Fjg.  24  Control  gear  of  three-phase  winder  shown  in  Fig,  22.  showing  main 
control  lever,  emergency  lever  and  clutch  levers.  The  reversing  oil 
switch  is  on  the  right  hand  side  and  the  liquid  controller  on  the  left 
hand  side. 
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'"  P-ni-k.  s„.f,..i..„,  ..''■'""■"!'>•  ""■  ■-"""•  ">-'   'all  i„  >, 
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Net:  load  per  wind.  4.75  fons.         '""^land.     Depth  of  shaft.  1,424 

Fig.    27     See  Illustration  Fig.  .Ih 
l.vpKal  power  diagram  for  three  phase  winder. 
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weight  becomes  more  and  more  balance.l  by  the  weight  of  the  rope  atts 
to  the  empty  cage. 

With  the  three-phase  winder.  thiTefore.  the  manipulation  of  the  1 
would  be  different  as  diflerent  loads  are  b^-ing  hoisted,  and  it  is  ther 
impossible  to  employ  cams  on  the  depth  indicator  to  limit  the  acceler 
and  to  bring  the  loaded  cage  to  a  slow  speed  by  the  time  it  reaches  the  I 

In  the  three-phase  winder,  therefore,  we  come  back  to  the  case 
•team  engine  where  the  wind  is  entirely  in  the  ha.ids  of  the  drive, 
reliance  must  be  placed  in  his  skill  for  the  safe  handling  of  the  plant. 

Power  Diagram  of  Three-Phase  Winder 

Where  the  speed  of  a  three-phase  induction  motor  is  controlle, 

placmg  resistances  in  the  rotor  circuit,  and  the  motor  is  giving  a  def 

irning  moment,  the  same  amount  of  power  will  be  taken  from  the  su 

multiphed  by  the  speed  gives  the  amount  of  power  which  the  motor 
and  the  remainder  of  the  power  is  wasted  in  the  resistances.  T 
the  three-phase  motbr  involves  great  waste  of  power. 

Fig.  27  is  a  power  diagram  for  a  three-phase  winder  with  a  cylindi 
drum  wmd.n.  at  the  rate  of  270  tons  per  hour  from  a  shaft  1.600  feet  d. 
the  maximum  speed  being  40  feet  per  second.  The  shaded  portions  of 
dugran,  represent  the  power  which  is  wasted  in  the  resistances  of 
starter  in  starting  and  stopping  the  motor,  and  in  this  particular  case 
useful  work  done  by  the  winder  is  524  horse  power  ^nutes  ^r  w, 

Lr'wrH°"  T  t  ""^"^  ^^''"'^  '"  '^'  '*^""  '^  325  horse  power  mini 
per  wind.  Taking  into  account  the  eflficiency  of  the  three-phase  motor 
energy  taken  by  the  winder  from  the  supply  system  is  910  horse  m 

ToZ^zr'''  "^'^  ""■'^'  "^"'"'^ "' ''' '''""'"'  p'^"^' '''"''' 

Comparison  of  Three-Phase  Wir 'er  uHh  Ward  Leonard  and 
Ilgner  Winders 

.  th!?^'  f  '''°^",''°^'  'fK*^  "^^  PO^*^^  lo^'*-^  are  in  starting  and  stopp, 

able  for  a  W  h',  '  .  '  'If  """'^^^'"  ^  "^^^'  ^'^^^  '^  --"  more T. 
able  fo  a  Ward  Leonard  or  Ilgner  winder  than  a  three-phase  winder,  a 
as  he  loss  in  startmg  and  stopping  a  three-phase  winder  is  verv  great 
will  ^  seen  that  it  is  most  advantageous  to  employ  a  three-phase  win; 

run  Tt  f  1.  7  ^f  ''u^P'"^  ''^  infrequent,  and  where  there  is  a  lo 

run  at  full  speed,  when  the  three-phase  winder  is  economical,  or  whc 
here  is  a  considerable  interval    between  winds.     These  are  practical 
the  conditions  of  a  long  slope  haulage.  Poetical 

Under  such  conditions  a  thre.-phase  winder  can  easilv  prove  mo 
economical  in  pow-er  than  the  Ilgner  or  the  Ward  Leonard  winder,  becau. 
with  the  latter,  the  motor  generator  .set  would  have  to  be  kept  runni, 
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The  three-phase  winder  is  advantageous.— 


(1,1 
(-') 
(■•i) 

The 

(I) 

m 

(3) 


Where    he  cap.ta   cost  of  the  plant  is  a  prinu.  ronsi.lcra.lon    as 
he  total  cost  of  the  three-phase-  win.lor  is  from  20' '  I  " .V 
lower  than  that  of  a  Ward  LeonanI  winder 

fuirsl"'.''""'"^  '"''  ^'"""'"^  ''^  i"(r.,,u.ni  and  long  run,  at 
jun^speed  are  r«,u.red.  a.  is  particularly  the  ca.  .^th  slo^ 

Where  the  winder  is  working  verv  intermi.tentlv.  when,  if  a 
Ward  Leonard  sc-t  were  mstalled  it  would  have  to  run  fo^  lon^r 
fx.Tiods  without  doing  anv  work.  ^ 

three-phase   winder   is  disadvantageous  — 

^or  vertual  shafts,  as  it  cannot  be  fitted  with  the  safetv  an- 
phances  used  with  the  Ward  LeonanI  winder.  '     ' 

^^^'  ''"  ^'°"  ^""  ''"  ^'"'^'"^  ^r-'  '^  -^'^h.  i.e.. 

W-here  the  power  station  from  which  the  winder  is  supplied  is 

e^tnely  small   because  in  the  case  of  a  three-phase  winde     he 

disturb  the  regulation'oTtt'ellclL'jrp^;:  s^^  m  ^'''"' 

anTti     "  r  '°"^  transmission  line  between'    e^        nation 

w  nde';ru^  "'  ''^  'T^'''"''  '"  ^•^'"^-'  of  rthree-phl 
winder  would  cause  considerable  variation  in  voltage.  This 
vvoa  d  not  only  have  a  bad  effect  on  other  plant  supplied 
n  the  ^,e  circuit,  but  would  have  an  a.lversc  effect  on    he 

nree  phase  motor  can  e.xert  is  proportional  to  the  s„uare  of 

edu^lhf;  "•''''  '  ^""•"'  ''^^  '"  -■'''««'-  could'  tK 
g  vc  a  d^'"hT  '"°'"':"^  ^■•^'^■'^  ^»  "^— phase  motor  could 
f^^     K?  '  ^^"^^^  "   '"'Sht   even   be   found   <lifticult   or 

Lowering  Load 

three'pt:e';-nt"-"'"'°'^  ''  ^""^'^  ''^^  '-"  «"  '^  '°--^'  with  a 
(1)     By  controlling  the  speed  with  the  mechanical  brakes 

to  the  supplyTyst^m  '^'''^"'"''^"^^"^'-^"-^P--'- 


LCwe^lN^    ilAt-HAM    lAoufy   PtH  MIM. 
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Fie.    28     Typical  power  diagram  for  three-phase  winder,   lowering  with  i 
and  Tasted™ '""  '""^^"'•'"-  P"""  »  ^Uh  is  taken  from  theLpply  I 
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R^,t  "^  t"**^  cylmdrKal  drum  winder  at  II.  Ktkstein  &  Comp. 
J,  Ki  '7u  ii'""'"'''^,^'*  Niinc  Jol.annrsburg.  Tra..«aal.  Ihis  is. 
a?mn  f     ,  h.,{«est  three-phase  gear  driven  winder  in  existence      De 

:^;^,?.   ?.>iu>°?   '.    "     "'"^'^       ^'■.'J    '"'"*•   ■»'•   '""'       Maximum   wm 
speed.  iiWO  feet  per  mmutc.     Motor.  2,400  horse-power,  at  ,175  r 
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and  in  case  the  cn^v  ()\(r-riin>  the  l)ank  cuts  n(\  the  powrr  fnim  t 
and  applies  the  brake  i)y  mean~  nf  the  emer^eiicv  j;ear. 

An  emergency  lever  is  provided  on  the  driver's  platform  I 
he  can  cut  off  the  power  and  apply  the  Ijrake,  stopping  the  wi 
mediately  in  case  of  necessity.  In  case  the  power  supply  fails  t 
is  at  once  applied  through  the  emergency  gear 

Winding  Men 

Wit*-  the  three-phase  winder  the  speed  for  winding  iner  c, 
limited  a  ;  omatically,  as  in  the  case  of  a  Ward  Leonard  winder, 
speed  depends  entirely  on  the  skill  of  the  driver. 


Shaft  and  Rope  Inspection 

For  shaft  and  rope  inspection  the  slow  speed  is  (jhtained  1)\ 
a  very  large  amount  of  resistance  in  the  rotor  circuit  of  the  moto 
the  speed  at  which  the  winder  runs  for  a  given  position  of  thi 
lever  depends  on  the  turning  moment  which  is  being  e.xerted,  an 
turning  moment  varies  continually  from  the  commencement  of  tl 
owing  to  the  adjustment  of  balance  produced  as  one  rope  is  w. 
and  the  other  rope  is  wound  off,  the  speed  can  onl>-  be  inaintaii 
stant  by  the  driver  continually  adjusting  the  position  of  the  com 
and  the  winder  cannot,  as  in  the  case  of  the  Ward  Leonard  systen 
alone  to  maintain  the  speed  at  which  it  has  once  been  .set. 

These  slow  speeds  involve  a  very  considerable  waste  of  powi 
controlling  resistances  and  may  require  that  additional  large  coi 
resistances  should  be  installed  in  order  that  slow  speed  runs  may  L 
which  if  frequently  made  will  materially  reduce  the  overall  ecoi 
the  three-phase  winder. 

Winding  Engines  with  Three-Phase  Commut.ator  Mot 

As  a  number  of  winding  engines  have  been  equipi  wl  with  thn 
commutator  motors,  the  following  brief  account  of  th  /stem  in; 
interest. 

Characteristics  oj  the  Three-Phase  Commutator  M.  to,- 

I  he  three-phase  commutator  motor  has  somewhat  similar  ch 
istics  to  those  of  a  direct  current  series  motor,  i.e.,  it  develops 
turning  moment  at  the  moment  of  starting,  and  as  the  load  decrc: 
speed  rises  until  at  no  load  the  motor  will  attain  a  dangerous  speei 
it  is  properly  controlled. 

The  motor  has  a  large  overload  capacity  and  does  not  .stop  eve 
very  heavy  overloads  but  only  slows  down.     The  speed  of  a  thre 
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'  '">>mmat„r  ,n.„„r  ran  Uc  ,losdy  n-^uUu.\.  ui,l,ia  ui,lr  li,nit>  l,y  .1 
the  Uru.lu;  „„  ,lu.  .„„„„„. an, r,  an,|  ihc  r(ti.i..,u;v  a>i,l  tin-  nourr 
...V  l»«h  llM„u,:;l,„„l  ih.  uh„K.  ,,„,^..  „|  ,|„,,,,|  roKulaliun 

A  nuvhaniral  ,l,■^i.^  ,an  i,,-  I,,,.,!  „,  ,1,..  n„„or  wind,  l.y  .li 
'IH-  ,ru>lu.-  |,nA..,u>  ,h,.  -,,,.,.,1  „,i,„  ,,|„„,  ^,  .irKmiim.,!  value,  ha 
Mnall  I  In-  load   may  Ik-. 

A  powerful  and  .MsiK  n-Kulai.,!  l.rakini;  HUrt  ran  1h-  ..hu.im-d 
tnrally  l,y  m„vinu  tin-  1mu-1,.  ,  l,a.  k  thruUKli  I  li.  ,u„tral  ,,„M,i.,n.  ami 
l>rak.ng  m  .li»  niann.T,  .■>|m-,  iaily  «Ium  luucrinu  Nu.l,,  thr  niolor  act 
generator  and  will  r.lurn  al,„ul  7(1'  ,  „f  the  nurhaniral  .nergv  lo  th 
a^  electri.al  energv.  The  dire.  ,i„n  „f  the  rotation  of  the  motor  e, 
reversed  by  m.n  ing  the  l,n,.he>  to  the-  other  .1,1..  of  the  nentra!  ,,o> 
but  .t  >s  de.trable  at  the  >a,ne  time  to  rever-e  the  .lalor  .  t.rreni  in  or< 
prevent  .^parking  at  the  eomnuitator.  The  >tat.,r  can  be  con.tnute 
any  reasoital.le  line  voltage,  but  a>  the  eommut.itor  can  .,nlv  be  i 
or  comparatively  low  xoltay.  ,  it  is  nsuallj-  nece=,s.trv  to  instal  a  t 
former  between  the  stator  and  the  commutator. 

There  are  con.structional  re.i.ons  which  make  it  difficult  to  I 
verv-  slow  speed  three-pha.-,e  commutator  motors,  so  th.it  ,uch  a  > 
mutator  motor  is  usually  gearctl  to  the  winding  engine. 

The  arrangement  of  a  winder  with  a  three-pha.se  ( ommutator  n 
■  s  very  simple.  The  winder  is  controlled  by  a  single  lever  which  shiff 
brushes  on  the  commutator  and  oixrates  the  changiner  switch 

1  he  com.nutator  motor  shares  with  the  three-phase  induction  n, 
the  disuhantage  that  for  a  definite  position  of  the  control  lever  its  s 
•  lepends  on  the  load  in  the  cage,  conse(|uentlv,  the  safety  devices  empli 
with  such  a  motor  are  very  similar  to  those  used  with  a  three-p 
in.iuclion  motor,  and  piotecti-.n  is  afforded  bv  the  release  of  the  emerg, 
brake  and  the  interruption  of  the  supply  circuit  in  case  the  motor  or  wi, 
1-  overloaded,  or  in  any  other  contingem  y. 

Ihe  thne-phase  commutator  motor  possesses  the  great  advan 
over  the  induction  motor  that  its  |,ower  factor  at  full  load  is  about  u 
and  the  power  factor  maintains  its  high  value  practically  for  the  w 
range  of  speed  regulation,  so  that  the  conditions  for  the  electrical  sui 
circuit  are  very  favourable. 

.      ,  ''"''^'  "^■'"•''  '• "'  ^ffHitncy  of  the  three-phase  commutator  m, 

is  about  ,,',  less  than  that  of  the  corresponding  induction  motor,  but 
commutator  motor  can  be  started  an,l  its  spee.l  can  be  regulated  with 
l_oss  of  power,  and  during  braking  periods  or  periods  of  lowering  a  I, 
.ft't  ol  the  mechanical  energy  can  be  returned  to  the  suppiv  svstem 
electrical  energy,  so  that  the  total  etificiency  of  a  winder  driven  bv  a  thi 
phase  commutator  motor  can  be  better  than  that  of  a  correspond 
winder  driven  by  a  ihrei-phase  induction  motor. 

As  a  winder  driven  by  a  three-phase  commutator  motor  .an  be  star 
without  loss  of  p.nver,  the  p.nver  taken  by  su.h  .i  motor  rise,  gra.lu.i 
Iron,  -he  mom.'nt  of  starting  t.,  the  en.l  of  the  acrelerali.-n  period    so  ti 
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Ki».    M     Ward  Leonard  conical  drum  windpr  or  .K     r- 

Corporation  Rand  CollieJ^^,     Transvaal         n^".!"*',^''."*,"*  *"  Pi""""- 
Nett  load  per  wind,  5'  ,  tonl      \Cfm.!^  >."T'^  °'  ''^/f'"    '"'5  feet 
.nmutc.      Motor,   2,4SO"  horse.power  "'"^'"8  »Peed.  i.iOO  feet  per 
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there  is  suffirknl  time  to  t-nal.l..  the  Kcmraiurs  in  I  he  power  bo.Hc  to 
the  loa.l  lluet  nations.  S,„h  winders,  therefor...  >  ,,ii  eonvnientlv  b 
pile,!  with  ,  iirrent  from  eotiiparatively  small  power  stations  pn.vi.je 
the  KeneratinK  sets  are  fitle.j  with  modern  voltaK'c  reK".l,uors. 

The  capital  eost  of  a  winder  pnn  i,l,.d  with  a  ihree-pha^'  eomm 
motor  IS  hiKher  than  that  of  a  win.ler  prov  i.ied  with  a  three-phase  imi 
motor. 

The  lollowinn  are  some  particulars  of  the  largest  winders  fitted 
three-phase    ommutator    motor    which     have    come     to    the    an 
knowledge: — 

Depth  of  wimi 1,050  feet. 

Weight  ot  load 7,000  U.S. 

Maximum  winding  speed l,;^7.^  feet  per  minute. 

""ff^"' !t4  tons  per  hour. 

This  winding  engine  is  driven  by  two  MIO  horse  power  three-phase 
mutator  motors,  having  a  synchronous  speed  of  :!(M)  revolutions 
maximum  sped  of  :}70  r.-volutions.  This  windini;  engine  is  supplied 
a  three-phase,  2,^  cycle.  .^00  volt  circuit.  The  authors  have  not  anN 
available  reg.inling  the  power  consumption  of  this  winding  engin 
smaller  wimling  engine  driven  bv  a  three-phase  commutator  motor giN 
average  power  consumption  of  1.4  kilowatt  hours  per  shaft 
power,  which  compares  very  favourablv  with  other  electrical  svste 
winding. 
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The  conditions  governing  ihe  sele.tion  of  the  type  of  drum 
very  considerably,  according  to  whether  the  winder  is  to  be  driven 
trically  or  by-  a  steam  engine,  and  it  is,  therefore,  verv  de.sirab 
discuss  this  question  in  a  paper  on  electrical  driving. 

It  is  characteristic  of  the  steam  engine  that  its  overload  capaci 
not  very  great  and  that  the  turning  moment  varies  according  tc 
position  of  the  cranks.  For  a  two  c>  linder  engine  with  cranks  at 
angles,  such  as  is  usually  used  for  a  steam  winder,  the  minimum  tui 
moment  is  .785  of  the  mean  turning  moment,  and  the  maximum  tut 
moment  is  LI  12. 

The  engine  naturally  must  be  able  to  start  the  hoist  with  the  cr 
in  any  po.sition,  so  that  the  minimum  turning  moment  must  be  at 
sutticient  to  overcome  the  static  load  and  friction. 

An  electric  motor,  on  the  contrary,  has  a  very  large  overload  cap; 
m  proportion  to  the  mean  power  which  it  will  give,  and.  conseque 
the  motor  for  winding  engines  is  usually  selected  with  reference  to 
equivalent  continuous  load,  and  it  is  very  rarelv  in.leed  that  the  star 
moment  or  acceleration  peak  needs  to  be  <onsidered 


I'oiisc  to  follow 
nitntK-  be  sup- 
s  pro\  i(k-(i  thai 
tors. 

is»>  comniMtatiir 
|)ha-iu  induction 

•r>  tittfd  with  a 
thi'    author-' 


iiinute. 
ir. 

rcc- phase  com- 
olutions  and  a 
'  supplied  from 
-'  not  any  data 
ng  engine.  A 
motor  ^'ive.-  an 
r  shaft  horse 
Cill  systems  of 


::al  drim: 

uf  drum  ditTer 
le  driven  elee- 
•   desirable   to 

id  capacity  i> 
ording  to  tht- 
anks  at  right 
imum  turning 
iniiim  turninc 

th  the  cranks 
St  be  at  least 

load  capacit\ 
conscquentK  , 
>rence  to  the 
L  the  starting 
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(    VIIMlKK  Al.    AM)    CoMCAI.    |)|<l   \|s 

il"  l.r.t  ty,,..  „|-  ,|r,„n  ,„  I,.-  ..,n„|,n,.,l  for  uin.ii,,,  ..,„i,u.,  « 
.ylnulncal  ,lr..n>,  Inu  later  .h.  .onu.d  ,lru,n  w,„  i,un.,|,„  .,1.  I„ 
<  aM'.  I IR-  la.  li  r  g.  a->  oaMir  Marliny  v.nulh  h>n^  an.l  i,  l„„.ti.  jal  l„  ,  h,. 
cMKino,  l,..>au>c.  the-  n.,K.  .up,,„rti,iK  llu-  .ay.'  at  ti...  I,a„k  t,,,,  U  „„„ 
thv  urcat.st  .ItamutcT,  uhiK.  ilu-  ro,,..  atla,  I,.,!  „,  tlf  l„a,|,..l  .a... 
P.t  iK.tu.m  ,,  wound  o„  ,„  ,1,..  K.a>t  .liatmt.r.  >o  that  th..,,,,,., 
|.artial.>  lulan.es  thc>  rope  ati.l  th..  I„a.l.,|  ,  a«f  at  Miu  .t  ,n  ,' 
wind. 

To  illustrate,  thi.  rclativ..  a.Kantawes  of  the  ,vlin.!rical  and  tlu-  c 
. in.n,  for  the  .l.ari.al  or  the  ;,tcan,  drive  at  various  s,,.....l,  I-i,,,  .( 
.«..  .U  :W  and  31.  have  heen  worke.l  out,  while  Vi^.  40  i,  worke.l  out 
scroll  drum,  an,  1,^.  42  for  a  Koepe  pulley,  under  th>  .an.e  end 
as  are  Illustrated  .n  Fi,.,  3.1  and  37.  These  diaKratn,  are  worked  o, 
the  t(>llowinK  ion<litions;  - 

'"^'''"'°^^ n.(KK)||„. 

Weight  of  empty  ea^'e  and  cars     .  .  12  (HK)  Ih, 

pT*" imi. 

Diameter  of  rope j,-,  '. 

Diameter  of  rope  sheaves itj.fi 

Lead .>-,,  r.  .  , 

r-   ,.    ,  .     ,    ,     Jo()-lt.  approximateK'. 

Cylindrical  drum !»-ft.  dia.neter. 

Conical  drum (»  ft    .  .  i  i  f.     r 

,...  ,        ,.     ,  .     ,   ,  "'-"•  '»  1-i-fl-  diameter. 

U  itli  cylindrical  drum  and  empty  cage 

at  the  bank,  unbalanced  load lti.8(M)  lbs. 

With  conical  drum  and  empt\-  cage 

at  the  bank,  unbalanced  load iO.IMM)  lbs. 

Figs.  34  and  3,-,  are  drawn  for  an  output  of  13r,  tons  per  hour  Fi, 
rqm.sents  the  cylindrical  drum  where  the  maximum  wimling  spe, 
if)  feet  pcT  second.  Fig.  3.5  represents  the  conical  .Ir.im  with  an  cnuiva 
winding  speed.  If  the  cylindrical  drum  in  Fig.  34  is  driven  bv  a  st 
engine  the  horse  power  e<,uixalent  to  the  starting  torque  would  be 
and  this  starting  torque  has  to  be  dexelo.  -d  in  the  worst  position  of 
cranks,  i  he  horse  power  e<iuiNalent  to  the  corresponding  average  tun 
moment  would  be  S,i,5.  which  gi^■es  an  ample  turning  moment  for  ace. 
ation,  and  the  maximum  s,xed  of  the  engine  would  be  42  r  p  m 

In  the  case  of  the  conical  drum  the  horse  power  eciuisalent  to 
starting  turning  moment  would  be  3.-,(),  and  to  the  average  turning  mon 
44.,.  I  his  horse  power,  however,  is  not  sufficient  to  provide  for  the  ac 
erat.on  turning  moment,  so  that  an  engine  having  a  maximum  horse  po 
ot  4S1  would  be  required,  running  at  a  maximum  speed  of  33  r  p  ni 

1  hus,  for  the  cylindrical  drum,  an  8(i,'^  horse  r,ower  engine  running 
4-  r.p.m.  IS  required,  an.l  for  the  conical  .Irurn  a  481  horse  power   enu 

on,    J''';"\"  '■"'"''■"'•  "'  "^'^  ^"'  '^'  ^■Vli"'lncal  .Irum  an  engine  giv 
-().(.  brake  horse  power  per  rexoluti.,n  is  necessarv.  and  for  the  coni 
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second.       " tylindrital  drum  winder,  winding  speed.  40  feet  per 
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-Iru.n.  an   c-nKi.u.    ^hin^    I  ,.,).     Th,  um-  uI  th.-  co.mal  ,|ru,n.  the, 
''>  'ii.inil.^  .1  mijcli  >m,ilKT  >trani  .■riKim-. 

If  tin.   «i„.K.r  i.  .Iriv.n   .l.rtrirally  a  ;J7>S  hor...   p.nur   „>„tor 
r.p..n.  wo.il.J  U-  n,,uiro,l  with  the  cylimlrkal  .Iruin,  an.l  a  L'!t((  hursc 
■n"t„r  at  :i:i  r.„.„,    f„r  ,h..  .onical  drum.     If  th.  hor,..  ,„nv.r  p.r  r. 
'•■>"  I-  «'.rk...|  ,„„,i,   ui!|  1„.  „.,,,„,,,  ,h..M.m,„„rsan.„la„,,roxi„ 
till'  ^aiiu'  -i/c. 

I"  <hi>  ,a.f.  th.nfc.a.,  il  w,.,.I,|  |„  „1  a.lva.UaKf  tu  .mplov  a  o 
cirun.  lur  a  st,.,un  win.hr,  Imu  lor  th.  .l.rtri.al  wir„h-r,  m.  far  a,  r 
cost  IS  ronct.nu.l.  it  w.u.hl  1...  ,ii,tinr,ix  ,M,a.ivantaK'.  ou.,  Ixrause  th 
no  savmK  etT.,„.,|  with  th.  .l.vtriral  plant  a„,l  ,h.  win,lin^  onsinc 
.•on.cai  .irun.s  ,,  .oMMdcrahly  n.or.-  ..x,k„mv..  ,han  that  wi,h  ,M 
rh.maxnnum  puw.r,  hnw.v.r,  takvn  tr„M,  .h.  M.ppiv  >y„..n.,  is  ret 

It  shoul.l  lu-  ren.ark.,1,  howev.r,  that  th.-,..  two  diagram^  wre  w, 
out  to  show  ,h..  advantaK..  of  the  ronirai  .Iru.n  with  a  ,team  engine  ir 
particular  ease,  l.„t  for  the  eleetriral  drive  a  diaKran,  ean  l,e  worke, 
w.th  a  eyhndr.eal  drun,,  ,o  ,ive  the  same  ,u„pM,  and  to  take  a  ronsi.le, 
smaller  motor. 

The  .liamet.T  of  .  he  drum  i>  UM.allv  li.xe,!  a>  not  le.,  than  m  ,,„„. 
c  lan.eter  of  the  rope,  so  that,  «iven  the  .lepth  of  the  wind,  the  length  o 
drum.  e„  her.. vlindriral  or  eonieal.  neee^sary  .o  earrv  the  rope  i.  a,  . 
h.xe,h  \\here  evhndrieal  drums  are  employed  the  trav.l  of  the  iwo  r 
on  the  drum  ean  overlap  (exeep,  in  e,.,es  where  ,he  hea.i  sheaves  arc 
•ipan  and  the  .lrun>  .ar.no,  h.  plaee.l  MUrieientiv  far  l.aek,,  so  that 
cyl..>.lneal  drum  for  two  rope.  i>  no,  verv  ,„„.h  lon,..r  than  that  re,p, 
Dy  the  travel  of  one  rope. 

Where  eonie.d   .Irums  are  emplo>e.|   the   minimum   diameter  ea. 

.--ately  he  re.lur.-d  au.l  eonse,|uently  the  ,irum  must  he  ,nad.-  with  a  la 

average  d.a,neter.  and  although  the  length  of  drum  oeeupied  hy  eaeh  , 

■s  actually  less  than  with  a  .xlin.lri.al  drum,  yet  the  turns  of  the  r 

cannot  he  close  together,  and  a  space  of  a,  least  ',-in.h  hetw.en  each  t 

must  he  allowed.    In  addition,  the  ,onc-  paths  for  the  two  ropes  must 

Mmte  d.st.nct.  as  with  conical  drun.s  the  travel  of  the  two  ropes  can 

overlap,  an, hher-.forc-  the  coni.  ,il  drun>  is  ,„uch  longer  than  the  equival 

.yhndri.al  .Irun-.      As,  therefore,  hoth   the.  dia,neter  and  the  length  , 

corneal  dru.n  are  greater  than  those  of  the   e(,uivalent  cvlin.lrieal  dre 

US    nmnu.n,    of    in..r.ia    is    ,n„e  h    greater.       In    the    casV    illustrated 

l;iK>.  .il  and  .<o.  the  n.omen,  of  inertia  of  the  conical  -Irum  is  nx.re  tha 

times  .is  ^re.u  as  ,ha,  of  ,h,    eylinelrica!  drum,  anei  as  e-onsielerahlv  m 

power    ,s    re,, u,re.<i    te,  accelerate,  the  conical  ,lrum,  i,   mav  easih    hap, 

that  all  the  advantage,  of  the  conical  elrnm  is  h,st  for  this  reason  ' 

Hgs  M,  and  :i7  are  worked  out  for  an  outi.ut  of  270  totis  per  ho 
Hg..{(.  shows  the  ease  of  the.  cylindrical  eirun,  when-  the  m..ximun.  spc 
of  wmdmg  ,s  40-te.et  per  secnd,  and  Fig.  :{7,  that  of  the.  eonieal  elrum  w 
an  e,imva,cnt  sp.eel.     An  inspection  will  show  thai  in  these  e-ases  the  s 
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Fig.    38     Power  diagram  for  cylindrical  drum  winder,  windine  speed    50  ft 
second.  "    '^ 
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Fig     4(1 — Power    diasram    for    stroll    drum    winder,    winding    speed.    40   fee 
sect»nd. 
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In  Fi^.  10  lini'  Ali  rtprcsiTits  thf  lonsiaiit  .Kcclcration  of  tht'  (In 
thf  (li'sct'iidiiii;  caijc  .mil  rope  to  full  >pt((|,  .uid  llu-  parti.il  acichralioi 
thu  asccndinj;  ca^;!.'  and  r(>|H-,  while  thi>  lallir  ropr  i'-  luini;  wound  oi 
oni'  small  cNlindrical  portion  of  ihi'  drum,  llu-  lini-  H(  shows  the  d 
in  power  corresponding  lo  the  completion  of  the  aii-eleralion  of  the  dr 
and  the  descending;  cage.  Ihe  line  CI)  shows  the  continuation  of 
acceleration  (jf  the  as(  endiiiy  (age  and  rope  a>  this  ri>pe  is  lieing  wound 
one  of  the  scroll  portions  of  the  drum. 

The  line  I)li  shows  the  f.dl  in  powir  at  thi'  completion  of  the  ,icce 
ation  of  the  ascending;  cav;e  and  rope.  The  line  KK  shows  the  power  ta 
by  the  full  speed  run  of  both  c,it;es,  and  this  power  gradualK  decrease: 
the  descending;  rope  leiii;lhens  and  the  .isceiidinj;  rope  shortens,  so  th.it 
dcsciiidinj;  rope  j;railuallv  balaiues  a  greater  portion  of  the  a-ceiid 
load. 

The  line  l(i  shows  the  decrease  in  power,  correspiinding  t  the 
celer.ition  of  the  empty  cage,  as  its  rope  commences  to  run  clown  the  sir 

The  line  (ill  shows  the  gnidu.il  incrcMse  in  ])ower  .is  the  rope  to 
empty  cage  runs  down   the  scroll,  .md  therefore  b.d.mie^  the  ,i-cend 
load  lo  a  less  extent. 

The  line   III   show><  the  fall   in   power  .it    the-  i  omnic  luement   of 
deceler.it ion  of  the  drum,  the  ascending  cage  .md  the  ro|)e,  ,md  the  1 
IJ  shows  the  gradual  fall  in  power  during  the  deceleration  period. 

In  this  c.ise  it  will  be  noticed  ih.it  power  is  t.ikeii  by  the  winding  nn 
cluing  the  decc'leration  period,  .md  this  is  not  ,i  c.i-e  where  elei  tr 
braking  is  necessary. 

If  a  ste.im  engine  were  used  tcj  drive  this  sc  roll  drum  winder,  .m  eng 
cap.ible  of  gi\  ing  l,4(i.")  hor.se  power  at  .i  maximiMii  spiked  of  bj.7  rixolnti 
will  be  recpiirc'il,  .md  this  is  a  smaller  engine  than  would  he  recpiired 
theconic.il  dnini  of  l"ig.  157,  and  slightK-  sm.iller  ih.m  lh.it  re(|uired  lor 
c\lindric.il  drum  in   l"ig.  .'jti. 

If  this  winder  is  drisen  elect rically  a  7,S0  horse  power  motor  .it  (i 
revolutions  would  be  recpiired,  ,md  this  is  .i  sm.iller  motor  t  h.m  would 
recpiired  for  the  conic.il  drum  winder  of  1-ig.  .{7,  or  the  c\lindric.il  dr 
winder  of  l"ig.  Ijd,  the  latter  being  .ibout  l' ,  sui.illir  ih.m  that  recpii 
for  the  cxlindrical  drum  winder. 

If  this  winder  is  dri\en  on  the  Ward  l.eon,ird  s\sleni,   the  >i/e  of 
motor  generator  set  can  be  reduced  by  ;{()',,  .md  if  it  is  driven  on  the  llg 
system,  the  same  reduction  can  be  m.ide  in  the  motor  generator  set,  i 
the  weight  of  the  ll\  wheel  can  be'  reduced  about    bV  ,  . 

The'  c.ipit.il  cost  of  the  mec  hauic.d  pari-  of  ilie  scroll  driiin  winder 
of  course,  more  than  the  cost  of  th.it  for  a  c\lindric.il  winder,  but  it  is 
so  great  as  that  of  the  mechaniial  parts  of  .i  conical  drum  winder,  am 
this   winder  is  to  be  driven  on  either  the   Ward   Leonard  or  the   llg 
system,    it    is  probable  thai  the  scroll  drum  winder  represents  one  of 
che.ipest  combinations  in  c.ipit.il  cost  lh.it  cm  be  put   in  to  do  the  wo 
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Should  this  winder  Ijl-  driven  on  the  Ward  I.eon.ird  system  it  shi 
be  pointed  out  that  the  maximum  pealt  in  power  which  it  requires  is  '. 
less  than  that   required  with  the  eylindriial  drum   winder. 

If  a  three-phase  motor  is  used  for  driving  this  winder,  the  size  of 
motor  is  sli>;ht!y  less  than  that  which  would  l)e  required  for  the  lylindi 
drum  winder,  hut  the  waste  of  power  i..  \er\  much  less,  the  average  w 
bein>{  170  horse  power  continuously  as  compared  with  2()()  horse  p( 
for  the  conical  drum  winder,  and  ;12.")  horse  power  for  the  cylindrical  d 
winder. 

KoEi'u    Pi  lli;y    Winder 

This  t>pe  of  winder  is  used  to  a  considerable  e.\tent  in  ICur 
particularly  in  Ciermany.  It  differs  from  any  other  t\pe,  as  the  rop 
not  wound  on  to  and  oft  drums  but  is  carried  over  the  [)ulley  and  m; 
contact  with  it  for  less  than  a  sinjjle  turn.  Thus  the  rope  from  the  ascc 
ing  cage  comes  up  the  shaft  over  the  driving  pulley  of  the  winder,  and  t 
down  to  the  descending  cage,  being  suitably  guided  by  head  sheaves. 

It  will  thus  be  seen  that  the  winding  rope  is  driven  by  friction  ale 
and,  eoriseciuently,  there  must  be  a  very  definite  limit  between  the 
in   the  ascending  rope  and   the   pull  of   the  descending    ro|)e,  othen 
the  rope  will  slip  on  the  pulley,  and,  to  keep  the  difference  in  pull  of 
two  sides  (jf  the  rope  as  small  as  possible,  a  balance  rope  is  alwa\  s  necess. 

It  should  be  noted  that  such  a  winder  cannot  work  with  a  very  I 
acceleration,  otherwise  slipping  of  the  rope  will  take  place.  As  the  r 
is  bound  to  creep  on  the  pulley  to  a  certain  extent,  the  depth  indie; 
must  frequently  be  reset  to  ensure  its  accuracy. 

As  with  a  Koepe  pulley  winder  the  axial  length  of  the  pulley  is  v 
short  indeed  compared  with  that  of  a  drum  on  which  the  roi)e  has  to 
wound,  and  as  the  weight  of  the  winding  drum  is  not  increa 
by  the  rope  which  it  is  carrying,  the  moment  of  inertia  of  the  revoK 
parts  of  a  Koepe  pulley  winder  is  small,  and  this,  togi.her  with  the  usi 
the  balance  rope,  keeps  the  maximum  acceleration  |)eak  comparativ 
small  compared  with  that  of  other  types  of  winder. 

For  purposes  of  comparison.  Fig.  42  has  been  drawn  for  an  outpu 
270  tons  per  hour,  and  may  be  compared  with  I'ig.  :W  showing  a  c\lindr 
drum,  Fig.  :{7  showing  a  conical  drum,  and  I"ig.  40  showing  a  scroll  dri 

In  this  case,  however,  the  time  of  acceleration  has  ha<l  to  be  increa 
from  tweUe  to  twenty-two  seconds,  so  that  the  acceleration  should  not 
so  great  as  to  cause  the  rope  to  slip  on  the  drum,  and  to  enable  the  out 
to  be  obtained  with  this  slower  acci  leration  the  maximum  speed  has  1 
to  be  increased   from  40  to  4()  feet   per  second. 

In  Kuropean  practice  the  diameter  of  a  Koeijc  pulle>-  is  usu.dly  tal 
as  1(K)  times  that  of  the  ro[)e  but  for  purposes  of  comparison  with  the  ot 
cases  a  9-foot  pulley  has  been  considered,  which  is  (Ui  times  the  diame 
of  the  rope. 
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A  93")  horsi'  pDwir  imnor  runiiiii,;;  at  maximimi  sf)fi'(l  of  !»7  tl-n olul 
will  be  suilal.le  for  driving  this  windir,  and  comparins;  this  with  the  ni 
required  lor  the  cylindrical  drum  in  Fig.  M\,  it  will  he  >een  that  the  Ki 
pulley  winder  can  i)e  driven  with  a  •2")';    smaller  motor. 

If  it  should  be  dri\  en  by  the  Ward  Leonard  system,  the  motor  gener 
set  would  be  14' ,  smaller,  and  if  it  should  be  driven  on  the  llgner  s\si 
the  motor  generator  set  will  be  similarly  reduced,  and  the  weight  of 
flywheel  can  be  reflneed  about  12'  ,  . 

.\s  the  cost  (jf  the  mechanical  parts  of  the  Koepc  pulle\-  windt 
not  great  this  will  b.  the  'Juapest  form  of  winder  for  iloing  the  work, 
as  the  maximum  power  required  at  the  end  of  the  aiceler.ition  periu 
1.27((  hor~e  power,  or  over  30','  less  than  the  maximum  horse  pc 
ill  the  ca-e  of  a  r\lindrical  drum  winder,  it  will,  if  driven  on  the  \\ 
l.eouanl  >v-tiiii,  ha\e  the  kast  se\ire  demand  on  the  xiurce  of  electi 
supply. 

If  the  winder  should  be  driven  by  a  three-pha^e  motor,  it  will  be 
that  while  the  small  moment  of  inerli.i  of  the  mo\  ing  parts  keeps  down 
accilrration  peak  and  so  tends  to  decn-ase  the  waste  of  power  in 
controlling  resistances  the  fact  that  a  long  lime  of  accehration  h.is  ti 
allowed  ma\  increase  these  losses.  In  the  present  case  losses  in  the  ( 
trolling  resistance  correspond  to  a  continuous  lo^s  of  241  hor>e  power 
compared  with  32.")  in  the  case  of  a  three-plKi>e  motor  driving  a  cylindi 
drum  winder,  and  170  in  the  case  of  a  three-pha>e  motor  ijriving  the  s( 
winder. 

(jcuerally  speaking,  the  Koepe  pulle\  winder  shows  to  the  grea 
ad\antage  with  deep  shafts  as  it  avoids  the  use  of  excessively  long  dn 
and,  from  the  electrical  point  of  \iew,  where  the  winding  sjieed  is  not  i 
high  and  where  the  acceleration  period  is  short  compared  with  the  I 
time  of  winding.  It  has  the  disadvantage  that  if  the  rope  breaks,  I 
cages  are  detached  from  the  winder. 

ClENKR.AL  Conclusions  CoNcKRMNii  W'inuino 

Cenerally  speaking,  the  authors  arc  of  opinion  th.u  the  Ward  Leoi 
or  llgner  s>  stem  of  electric  winding  is  the  most  suitable  for  vertical  sh; 
and  for  all  cases  where  large  outputs  are  required  and  short  and  freqi 
winds  are  made. 

The  three-phase  winder  always  has  the  disadvantage  that  it  canno 
so  completely  protected  against  careless  handling  as  either  the  Ward  I 
nard  or  the  llgner,  but  it  may  prove  more  economical  for  long  slopes  wl 
the  full  speed  run  is  a  long  one  and  the  periods  of  acceleration  are  c 
paratively  infrequent. 

Regarding  the  choice  of  drums  for  the  winding  engine,  the  autl 
are  of  opinion  that  in  many  cases  where  electrical  drive  is  adopted, 
cylindrical  drum  winder  will  pro\e  the  most  suitable,  but  that  in  case 
deep  shafts  where  the  winding  speed  is  high  the  scroll  drum  winder  i 
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prove  better  than  the  eylindrieal  drum    winder,  but   .hat     ,he     ...id     of 
appluanono    the  coni.:,.l  drun,   win.ler  to  eleetric  winding  is  verv  small 
I  he  authors  hav..   purpo^.K    avojde.l  any  .o,„p,iri,on   betw'een   the 
running  cus.s  of  a  steam  and  an  eleetrieally  driven  hoi.,t  or  rolling  n  il 
l>e.  ause  eaeh  ease  should  be  eon.idered  on  its  own  merits  and  eompari...: 
made  ior  one  e,.sc  wdl  no.  b.-  valid  for  another  where  eondhion,  are  dil- 
len.nt.     No  g;  ,...ral  c.impari..,,   has  any  prae.ieal  value,  some.inu.  ih.- 
-team  engme  ,s  ,,.•  ,„ore  ..,„n„nn-,  al,  a,.d  son.e.in.es  ,he  eleetrical  plan, 
aoordmg  to  eond,.,o„.  and  in  deciding  which  is  the  more  advan.ag.ou: 
there  are  o.h.-r  far.or.  b.^d.-s  running  eo.ts  to  be  considered 

U  however  , he  au.luir,  wi.h  .o  m.-  .1  f..ir  con.pari.on  made  in  .v.rv 
;'",  '^^  ^ho';''l  -Iraw  .u.cn.ion  ,0  ,.  ^..ry  faihuious  me.hod  .on.e.ime- 
used  or  es,abl,.h,ng  ,he  running  com  of  a  s.eam  engine,  na.nelv.  ei.  he, 
ma.a n,.g  ,he  eng.n..  or  nu.a-uring  the  wa.er  rau-  overan  hour  or  tw^ 
M  n  ,|H.,.,H;,ne  ,,  runu.ng  under  .he  mos,  favourable  conditions,  and  e.- 
.abh.hn,g  ,hc  yearly  running  co...  fro.n  .  hese.  If  .e.,.,  are  carried  ou. 
w  iri:e  '"'''"'^V'. '"■"'"'•  -^  —"I  -"-'hs,  a  nmch  higher  running  co.. 
-  1  I"  Ob  an,ed,  .n  some  .  a.e,  half  a,  n.uch  again,  a>  ,he  M,.ndliv  lo'e,  of 

oft'eh-l'  "'  i",  "'"■  •■""^■'''^■^■''•'-  ■•""■''  '"«h-  i"  l-.por.ion  ,han  ,ho.. 
01  .m  electrical  [il.ui. 

TIIK   KLKCTkKAL  1  )|<l\  1  \. .  .  .F    XON-kKVLRsiN, ,  Mu.ls 

l-or  the  drivin,  „f  ,.  non-res  ersing  nnll,  that  is  ,0  sav.  a  two-lugh 
three-h.gh.  or  double-two-hiKh   ,nill,  a  .lywheel  is  „..arlv  alwavs  u,ed  in 
™"J'.";.'"'-;'    -"h    ,he    n,o,or,    .,   ,ha.    .he   liywheel   .i.^iM.   .h.:  n.o.o 
prowd,ng  large  powers  nece.s.ry  durin.  .he  passes,  when  a  bar  is       i^ 

takm  trom  the  supply  svsiem. 

in  a  few  special  c^.s^s.  ,nch  as  those  of  a  t>re  mill,  a  wire  mill  ,uul  of 
ome  con,n,uou.s  hn.sh.ng  mills  where  the  power  ma>-  remain  at  a  .tea, 

and  It  Is  UsualK-  omitted. 

The  tnotor  ami  rtywheel   may  be  either  direct  coupled   .0  the  mill 

P.n  ons,  or  the  (iywhovl  may  be  coupled  to  the  mill  pinions  an,l  a  high 
pe  .1  motor  provided  which  .Irives  the  ilywheel  shaR  through  a  gcJr 
op    or  be  t  drne    and  in  the  case  of  a  rope  or  belt  drive,  the  fJywhec 

'l^elf  IS  often  made  the  large  pulley. 

motor t'd  T  T^  ""T  '»:'"'"'^*''"  *"  ''"^'"S  ^  -ill  by  a  direct  coupled 
motor  and  flywheel,  that  th.s  method  has  been  adopted  in  a  great  many 
nstances.  and  It  may    be  shown   that   even   for  a  sheet    mill   runni-^g  at 


»4 

When-  a  hiKh-s|)fe<l  motor  is  installed,  the  (Kwheel  should  alw 
be  couple<i  to  the  mill  pinions,  for  it  is  a  bad  practice  to  instal  a  high  sp 
flywheel  coupled  to  the  shaft  of  the  hij-h  speed  motor,  because  the  stre> 
due  to  the  power  given  up  by  the  flywheel  are  undetcrminate,  as  th 
depend  on  the  rate  of  d.celeration  of  the  flywheel,  and  if  these  stresses  I 
to  be  tran-.mitle<l  ihrounh  gears,  ropes  or  Ix-lts,  ihev  either  have  t.) 
designed  with  a  very  large  margin  of  safety,  or  else  they  are  liable  to 
unduly  stressed  and  suffer  damage.  It  is  always  a  good  principle  to  ,  ou 
the  flywheel  to  the  mill  pinions  in  as  direct  a  manner  as  is  possible. 

To  enable  the  flywheel  to  assist  the  motor  bv  gi\  ing  up  some  of 
stored  kinetic  energy  so  a>  to  provide  part  of  the  power  re(|uire<l  during  i 
passes,  provisKjn  must  be  made  so  that  the  motor  and  flvwheel  fall  in  spc 
as  the  power  re(|uired  increases,  that  is  to  say,  the  motor  must  be  artificia 
made  t.)  decrease  in  speed  to  a  consi<|erablv  greater  extent  than 
normally  would  with  an  increase  in  power.  This  artificial  increase  of  the  I 
of  s[)eed  lan  be  obtained  b\   either  of  two  methods:  - 

(1  I  Hy  arranging  that  the  speed  shall  steadily  decrease  as  the  pov 
given  by  the  motor  increa.ses.  Where  the  mill  motor  is  a  din 
current  m.uor.  ths  is  done  by  providing  the  motor  with  a  compou 
winding,  which  causes  the  necess;iry  fall  in  speed  without  loss  in  pow 

W'cre   a    three-phase    mill    motor  is   installed,    resistances   must 
instrted  in  the  rotor  circuit .  which  cause  a  <lefinite  loss  in  power  as  the  spe 
decreases. 

1-')  By  arranging  thai  the  speed  shall  commence  to  decrease  afl 
the  motor  has  reached  a  predetermined  load.  This  is  .lone  bv  introduci 
some  elect ro-mechanically  operated  device,  such  as  a  rela\  ,  which  dimi 
ishes  the  resistance  in  the  shunt  field  of  a  <lirect  current  mill  motor  wher 
predetermined  load  is  r.ache.l,  or  a  relas-,  which  in  the  case  of  a  ihr, 
phase  niol or,  increases  the  resistance  in  the  rotor  circuit. 

Ihis  second  method  <if  artificially  increasing  the  fall  in  speed  or  si 
IS  often  spoken  ,)f  as  automatic  slip  regulation,  but  the  term  '•automati. 
IS  a  misleading  one,  because  both  methods  are  automatic,  and  it  would 
more  correct  to  ,,,11  the  first  metho<l  "permanent  slip  regulation",  an.l  t 
second    "inlermiitent    slip   regulation". 

Pekm.went    Slip    Ki-cii  i..\rii)s 


Without  making  a  great  error,  it  mav  be  said  that  the  fall  in  spe. 
.if  the  motor  varies  with  the  power  which  it  gives,  and  as  the  p.)w 
which  IS  given  by  the  flywheel  varies  as  the  rate  of  change  in  speed,  and  tl 
[)<)wer  which  the  m.)tor  gives  is  the  difference  between  the  power  re.p.ir. 
i)>  the  pass  an.l  that  given  by  the  flywheel,  it  will  be  seen  that  the  m.it. 
p..wer  rises  during  .,  peri.xl  of  heavy  loa.l  and  falls  during  the  peri.xl  , 
light  I.,ad  according  to  a  logarithm  curve,  an.l  that  these  curves  for  tl 
rise  an.l  fall  of  the  mot.)r  power  are  very  analogous  to  the  heating  and  coo 
ing  curves  f.,r  electri.-al  ma<-hiner^•.     The  p.nv.T  of  the  motor,  h.nv.ve 


n^>s  to  praCK-ally  ,,s  full  value  in  a  few  .oron.ls.  while  the  te„H>era,ure 
of  u.  c.|ectrual  .nae  .ne  takes  a  number  ..f  hours  to  reach  its  fu  II  a  le 
Th.s  reason.„«  may  he  .llustrat. y  mathematical  symbols  as  follow  s- 

I'       =  power  re.|uire.l  to  .Irive  rolling  m.ll  ,luri„«  a  ,.ass  when  a  bar  is 

between  roll>. 
K,i    =  full-load  power  of  motor. 

Si  =slip  of  motor  at  full  load. 

vo  =  siwed  of  motor  at  no  load. 

V    =spee,l  at  which  n.otor  i,  running  at  any  particular  time 

s    -correspcjndini;  slip. 

I    =moinent  of  inertia  of  ll\  wheel 

Stored  energv  of  ||\  wheel  = —' 

supposing  speed  of  tlywheel  is  reduced  from  Vo'to  v 

Stored  energv  given  up  =      ^'^'"'~''-> 

2 
1 

«"'-  .,   (Vo  +  V)   (v„-v); 

N,,-^  is  the  slip  s.  and  vo  +  v  n,ay  be  pu,  e.ual  to  2v  without  n.aking  ,n.,ch 

Stored  energy  given  up  b>  the  tlvwheel  is- 

I  vs; 
-hat  ,s   the  stored  energy  which  has  been  given  up  is    proportional  to  the 

Ik  w,ual    ,,  ,h,.  power  re,,M>red    to    .Irive  the  rolling  n.ill.     This  ean  be 
'xpresse,!  by  the  linear  .litferential  ..piation- 

the  solution  of  which  is  — 

Motor  power  Ks  =  f'(l  -,.  j      iv 

^  nt.larK.  when  the  bar  »  out  of  the  roll,,  the  motor  power  is  equal 
^^e  power  taken  to  speed  up  the  (Kwheel.  thereby-  resto'ring  its  stor« 


the  solution  is — 


Iv,,   -fKs  =  o 


Kt 


.Motor  power  Ks  =  i  Fm      K 

I  o:^;i?,g  t"  ^'^^  ':r '- "" '' ''-  ^-"^  •^'^  '""'-^  --^  ■'-—  «>- 

according  to  a  logarithm  cur\e. 

sake  of'^sil"  l''","  "f  '^-  ■"'"  '''''  ''"■"  '^■^'  '""  "f  ^^'^^'-^  calculations  for  the 
-    '>    ■  iMifing  tlic  ^ero  'uic. 
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Curves  for  50  Con  flywheel  thus  - 
~    25     ..  .  .      . 
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Time  i"  Seconds. 
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Fi>i.  43  Curves  showin«5  variation  of  motor  power  and  speed  with  permani 
slip  rcRulator  for  50.  25  and  !2'..  ton  fly wheeU.  Pass.  5  seconds;  inter\ 
S  seconds* 


^rm*^eff£    Slip  /feryf*Oo^  OioccnneeCe^. 

I  1  I  1  M  ^  !  f: — *T — r-TT-T-  ■■  ■  T-r  -  T  r-r 


""S5         55        "Si 

Time   in    h<nut«5- 


Fig.    44 


Test  results  showing  the  benefit  of  a  permanent  slip  regulator  connec 
to  a  sheet  milt  motor  for  reducing  the  fluctuations  of  power. 
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111.  expression  ^  ixprissiiiK  the  rilatio,,  of  „,„tor  pow.r  to  llvwheel 
capadty  is  th.  ■•.i,,,..  .■on.|..M.  ■  i„  ,hi,  .asc  an,|  i,  .-xaalv  analogous  to 
the  •  una-  .onMan,  •'  i„  ,  h.  raM-  „f  th..  hvMin^  or  cn.Aln^  of  .•Imri.al 
maihiiuTV. 

The  value  of  the  tin.e  eon.lant  for  a  motor  an.l  flywheel,  however 
do.^  not  usually  exeee.l  ahou,  iiii  seconds.  Th..  valu..  of  the  time  .constant 
to  be  selectcl  naturally  .l..p,.n.ls  on  (he  type  of  n.iil.  In  a  sheet  mill  where 
duration  ot  the  pas>es  is  verv  sh..r.,  the  time  ronslaat  necl  not  be  so  big 
as  in  th..  rase  of  a  l,ar  „,ili.  where  the  finishing  passes  may  take  a  eon- 
M.l.rahle  titiKv  Thv  ^^nafst  time  constants  are  found  in  the  ease-  of  motor 
and  IK  wh...  for  th..  mo.„r  K.n.ra.or  ^.t  of  an  Ilcn.r  elertricallv  driven 
r..'v.r«inK  rolliUK  mill. 

Vk-  A-.i,  which  is  .Irawn  for  a  theoretical  case  where  each  pass  takes 
5  se.omls  and  where  there  i,  a„  interval  ..f  5  se.-omls  between  each  pass, 
and  where  the  power  re.,Mir..,i  i„  each  pass  is  e,,ual,  serves  to  illustrate 
he  variation  in  the  motor  sp.....i  a,„l  power,  l.u.  in  any  practical  case,  the 
"-"■"f  duration  of  the  pa.se,  will  gradually  in.  rease  as  the  bar  is  being 
roll..,l  ,iow„.  the  int.rvals  be, wen  th,.  passes  «ill  depend  lar.elv  on  the 
."'•>.  working  the  mill,  whil..  the  powers  requir...l  by  each  pas.  vary  .on- 
-■.lerai.ly  so  thai  in  practi.e  mu.h  more  .-ompli.ated  .urves  ,,re 
oblamed. 

Fig.  Tt  illustrate,  the  bench,  of  the  perm.inent  slip  regulator  in 
a  lowm«  the  speed  o  the  tlywhe.l  to  fall,  so  that  the  variluioii  in  power 
ake„  fron,  ,he  supply  s>s,em  is  not  ex.essive.  The  top  curve  shows  the 
aration  ,„  power  wher..  ,he  p.rniaiu.n,  slip  regulator  is  disconnected 
an.l  ,h.  sped  remains  fauK  .„ns,,,n,.  The  lower  .urve  shows  how  greatly 
the  v,ma„o„  in  power  is  r...luce.i  when  th..  ,Iip  regulator  is  connected  in 
'  ir>  uu,  so  that  the  speed  \,iri..s. 

renui'r"  "'""'t,  "'"', r,"''^. "  ^'""■'•'  "''^^V^  ^^  remembered  that  the  power 
.  1  .  r..d  by  the  mill  .lurmg  a  pass  increases  almost  in.tantancouslv  to  its 

ba  the  full  pow..r  n.....le,l  for  rolling  the  bar  has  to  be  provi'ded.  If 
here  s  ..ny  inurval  ,n  ,he  ,ime  a,  all  between  the  bar  bei,ig  gripped  bv 
ti..  roll,  an.l  ,h,.  maxnnum  pow..r  being  re.juired,  this  .-ould  only  be  due 

•"  ^.>^«cr  ,n  the  null  spindle,  and  pinion,,  an.l   when  a  mill  is  in  good 

condition  the  amount  of  slogger  i,  re.lu.e.l  to  a  minimum. 

't  the  n.lling  mill  motor  is  only  provided  with  a  light  flvwheel  and  a 

permanent  .slip  regulator,  the  effe.-.   will  be  that  th..  motor  ha      o  gt 

pl      Tnd'tlt  :'     ' ''  "•'"'""  '"  ^""  "^^  '^-'^  ^--^d^  ^he  end  of  the 

the'flvwh/lK  ■  "°''^-''  .*-""■"  ^'    "''■  "'"'"■"  ^'''  S^^dually  increased, 

oart  of  th  '  "u""'":'  ''"'  ^'■""^■''  '""  "f  'h^-  P--'-  ''"-"^  the  early 

keelinl  ^"  ^""i"  """'  '^''  f"""""'"^  "f  '^'  ">-^^'^"*'''  -hi'*^  "Ot  actually 
keeping  <iown  the  maximum  ^alue  of  the  peaks,  has  given  time  for  the 
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wherriner"H„*7.? /k'"  "^"'■■'''*^«'  "^'i""  "f  intermittent    v|,p  regulator 
»nere  inertia  of  the  ru,)ving  parts  is  neglected.  iBuiator 
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Fig.    4b  -Curve   showing   heh 
when 
parts, 


Curve   showing   behaviour  of   intermittent    slip   regulator   in    practice 
where  severe  peaks  .n  the  power  are  caused  by  tKe  inertia  of  Ihe  moving 
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Kox.r.Mrs  of  the  ,..,w..r  Ih.um-  cM.«im.>  ,.r  lurhin.,  „,  ...Ijust  th..,ns..|v..s 

...  ....•.■     ,h..  lu..nv  .lc-„,..n.l  for  ,„>«..      I, ,h..n.f.re.   1..  J"    h   ,' 

wh..n.  ,,„... s  lar,c.  ov.rl....,|  .„„...,,  („  ,„..  p.....  hou,.,  i.  L  no,  nVll  ;v 
.  «..  to  ,he  .vpc.n..  of  pn.vi.liMK   .lu-  n.ilU  wirh  very  h..n  v  rtvwh^N 

h.       lcxanat.o„.„    power   .,    „„,.,,    |.,.,   ..h  a    ."...-.o,,    rtvuh...|    ,lu„ 
.1.. }.-....    fiv.vh....|,an,l    i,     willaUol,..  ...n.ha.     if    ,1,..    pa,,    lu.l 

;:r;:;;r:;;;::r •—•-i-n.,,  .„..,.. ,0.,,...^ 


lMKI<MIIIl..vr    SM,.    RKC.ri.ArKiN 

ro        lu.   ,h..orcM,al   s,an,|p,.„u,   i,    ,o..n.K   very  a.tra.  .iv..   for.     f   the 
e     la  or  were  ...  ,o  .  o,„..  i„„.  ,,..,,.„„,  ,,  ,..„,.  .,,„,.,  ,„..„^^  '  ^^,,  ^ 

..  ,.r..lcternum..i  l„a.|.  ..  a>  ,o  .an,..  ,h..  nywln..!  ,o  provide  anv  po«  . 

regulator  .,  fuumi  vers   u„>a,i>fa.  ,.,ry.  U..a,.,e  i.  tak.-,  a  ,lef,ni.e  time  t  , 
-.m.  .n.o  opera,.on,  an,|  a.  .he  power  re.p.ire.l  to  roll  a   bar  in  r     . 
a  moM  .nstan.aneously  a.  soon  as  ,he  rolls  ,rip  the  bar.  ,he  n,o,or"^    i,  i 
the  full  power  re,„„re.|  .luring  the  pass  before  ,he  slip  regulator  ha,  co.ne 
■nto  open.t,on.  an.l   ,he  e.fee,   of  ,he  in,ern,i„en,   iip  ^«ulato      s 

h  m    a„,,   ,h,,e  peak,  are  so  ,,..l.!en   that   thr>    in.,>ose  the  verv   w„rs, 
|)Ossil,ie  con.l.I.on  on  llie  u'eiuraliiiK  station. 

KiK.    l.-i  illnstrate,  the  theoreti.al  a.tion  of  the  intertnitt.nt  slip  re- 

.ula..r   an.,  ,.^.  4.  .Iln.rates  th.-  n.anner  in  wh,.  h  it  is  foun.l  to  bSa^e 

te  n   tt   n,      i     """'';""'""    '/    ">■•    P-"..n.n,    ,lip   reKula.or  an-l    the 

P  r  .   tli    "  "T  '""'^  ""  ■'"""'•""""   '"  --tain  cases,  as  the 

p.rma,.nt  shp  r..«nlator  prevents  , h..  instantaneous  fK^ak  in  the  power 
as  the  bar  enters  the  roll,,  an.l  the  inter.nitten.  slip  re^t'lat.-r  prevents  the 
power  r.s,n,  to  too  ^n.at  a  value  towar.ls  the  en.l  of  the  pass,  but  th  s  ha 

;.;;";::;"';■''■ '";" "" '"""  "^  ^'^^^  -^  ''^^  -""'« ■-".  ^^at  t^e 
;:;h: ;;;;;;;"" """ ""-^  '■-  -*-  •'  ^""  -  ^-'  • --  ^  ii„.it 

The  ..on,bi,.a,i.,n  of  the  permanent  an.l  ,h..  in,..r,„itten.  slip  regulator 

1 .  c^ato:?,  "r  ■""'•'"':,"";  ■"  ^'^^  ""^'  "^  "'•^'  ■""•-  'l-in^'the  motor 
1  n  r       >  ?"  ^■'-■Tually  .Irtxen  reversing  rolling  mill,  as  the  perntanent 

»l.p  regulator  takes  care  of  t  he  ^  ariation  in  p.nver  between  pass  an  i  interva 

vartionr""""?"  "''^  "'^'"'""^  '^  ^^■'^"  ^"'-^'^^"^  -'»'^^-  -rcof  th 
lonTpoH,      """■■■      ■""'"  '""'"  '"''  '"^'°'-  "''■'-"'^  h^'^  »  comparativelv 


-1   ^,^w 


Sl'KKD    V'ARIATKiV 

„„,'"';;;:j:,'^:  ""!;::•">  ""•"';«'■  "•■i'-- ...h , ,„.,,„. 

po^;,:  ::;:;,:;\::v::„:'r:r;; :;  ::/-::;;;:,;:;'tr:'': 

.mJ;:,;iu:::,?;;;;:::;;v:^    """■ "*"•  -  -  ^  ■•»■ 

-;";-t::*ji:::::,;r,;;«;:;;:;:;,;;:;™t';;;;«-".; 

"Si;':!:-;',^;^;:;'"* "- ^.1.,^:^  ■:",;: 

..ir::L.::^;;vi-^^r3:!,;:':;;;;:-:7' •- 

ha„.   rou,>.K  or  ..uarcs.  for  where  «ui,l..s  can  I.  .,.,1  ,tu.      ,  ,|  .  r  " 

.-...on.   Inu   ,n  rollin,  han.l  roun.ls    .h.    .oll.r  lu,  ,o  hi,  "r    " 

,K..Mon  wuh  h.  Con«s.  an,l  ,h.  .,..,  of  rolHnK  t  no,  ,,..      .       ,  ^ 

can  walk  or  d>r  he  cannot  follow  up  the  l.ar 

lo  ex.-n,plify  these  ren.arks.  the  follow,„K   null.  ,„av   be  ,uo,...i.- 
(1        12     m.ll  w.,h  4  s.an,|,of  rolls  ,|^i^en  bv  a  .lirec,' ,  onpl  ,|  ,„otor 
«  I'uh  can  run  at  any  s,„-e.|  between  210  an,|   1.>(1  r  p  m 

Thi.   mill   rolls   the   following   section   front   Meel   billcs:- 

Haml  rounds I  iV'  to  L"  ." 

(^•uide  rounds    l.,"  ,,,  p   " 

Hand  s(|uares  I"  ,o  1"  ,  " 

•  •uide  s(|iiares I  „"  ,,,  ; "" 

.'^"^''•■^    r"l.vl''to3"bv3" 

''■''•■* •■'i"i'y  i'."to2'V'bvL"," 

•"'•»'« I"  to  4"  ' 

'■'^"K*-' >■'''' 1-' lbs.  to  .'4  lbs. 

Small  I  beams 

Channels 

Bulb  tees o'/'  bv  l"  ," 

I'rain  angles ,{"'\,y  ;itj"" 

'""'^^  n'''te=* 12  11),.  to:{(tlb.<. 

lhe,,e  secttons  were  being  rolled  fron,  steel  billets  ra„uin,  fn„n  -'  1.    >" 
to4     l>>4.     It  was  foumi  that  the  lowest  speed    vi/     1"()  r  o  m     «  ■ '  ,' 
h^h    or^lHn,  ..,'  hand  rounds,  and  that'uK,  ^p.ni.   ^l^  :r  .^.7 
woul<l  have  been  more  suitable.  ' 

>p«.it,::„T^t:.  '■:^:tr-' -  -'"'  -- '"-  ■•'  '"> 

This  mill  is  rollinir  aboi  ....  •  i        i    ■     . 

„,     I  I  .,,  ,  .         *"  ''"°^  -•''■'-   ■■       ;ons  as  detaile(    above  from 

s>teel  billets,  and  in  addition  is  ,  i  i 

.looiuon  IS  .         .^  i,„„  ^,„)  s(rai)  piles  /pvct-  birs' 
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"'"    """l'"nr|.|    «,„|M,I   , |H(1..,I..|   Mlul,,,,    I,. 


IIIM       II      ,    ,,11     |„        .,    I 


:;  \, ;''''"';-;''■ " -v.-n ..,  ,„..,.,i, , , 

'    ''    ""    li^  »  III'     I   '  .  IM    nil  I,  It  I  ,,(  ■!       .    .      I  . 
1,1,  n,, I.                   "''''■""■"•-"■"■liniU>.....-M-Ml„.„„|| 

"'     '■•'■'-  ;l""l  I"  «l li,.«l,cTn  ,H.   -„,Imi    ,Iui.. 


'  ii'iliilU  Ih,    ,i,M   |„||,., 


1-    II,)    ,|llll,    nil  \      III 


'"'"■■""     "'■•'■'«- ll.vin,..ni,„r.MM,.„...,  i,.  Ill,    n,„„   ..r,,..i 

'I'."...    """■"■"'i-n.hi    N"v.l..fM,.|,  ,.,„,„.„  i,n.,|.„.,li„  „,„,,., 
-„,,„...  ,1,,,  „,,  „„„  ,„„„.„,  „„.,^.^  ^.^^_      1^    ,  ^^^  _^    1^.^  ■ 

"''■"',""'"""•"   -"■""•    iMwii,    .   ,v„.,in ,„,„.,., I  .,f..:.„,,;,i,      .,,1 

::;:•;'';■ r' "!'-■- -•"--- .,.,1.11', ;:•,:■ 

'-   '"     '     I'nn.    ,1,..,,    111,.    .|„...,|    ,„    ,,,,   ,,,,„      ,,    ^   ,^,„,,,^^_,   ^^^^^ 

.,    .1,  Hi..  I,,,  „.„  „  ,,,„„„,  ^^,., ,, ,,,  ,,^,^^  ^,_^     _|  _ 

"  "   •""■   >l"-  iMr,  ,.n.|  „.  r,   .iii.r  ,,  lr,,l,  l.ill.,  ..,   ,|,i,      ,,.,|  ,,„„|,,  ,„. 

^n,:;;,,';::;-;:;;;,:,'- "■" -'- "•->■ • ^i'- 

A   .Mill  .Inwn   ,1,   ,lii-  «,..s    „,„.|,|   |„.  ,,r,i,,i,,,llv  m,«„rkal,!... 
I'lM"-.'  .In-  ,no„.r  u,r>-  a  .V«,  1,  ,,,   „„.„„,  ,(,,„,  j,  ,,,,        ,,.,,  ,,.,^,. 

;.,;;;''' 'r'-^'-"'-'' '-^"'—  .— rw ii  u. «..!,  in  „;.. 

n  .    ,|  ,1,,.  „„„,.,   „„.  ,      „,  ,,„.  „„„i„^.  „_,___^„__,  ^^^_        ^_  ___|. 
H>  I.  I    l..a„.     s„,  ,,  ,.  ,,„„,  ,,,,.^^  ,,^i^^,  j^  ^,__^^  ,,„,,„..|,.  ,,,,„,f„| 

1  H.  al,„v..  „u.,„i„i,..,|  r.,i,UM,c.  will  ar,  as  th.  pirina,..,,,  .lip  r.-. 
or  n.,|ii.i„«  „,,  .p....,,  ,,iinn,  p,.ri„.ls  „f  hoav>  l„a.l  ,o  ..nal.l.  ,lu- 
>;    '  .  ,  ..,  ,Kc.  up  ,.inK-  ,..  ,„  M„r...i  ,.,u.rgy,  |,iu  thi.  .„,ail>  a„  a.l,li.i..nal 


"a^tf  III  I), ,«(  |-. 


A   ,u„nkr  of  „,.,1,,„|,  haw  W-.n  .volv.-il   for  inili.in,   thn.-pha.e 
■-•n.    for. ,nvn,«  .,..,,  a  nii^ 

(I)      Whm-  lIuT..  is  ,.,.i„,  u,v  a  rop.-   .Jriv.-  „„  .,r,|i„..rv  r hi, ■.-plus., 
n   .  or  .„av  b.-  provul.l  having  .  ro.H-  pnlhvs  of  iliH.-r...,,  ...s  o„  ...  1      , 
ami  .lK._rop,.s  ar.  cha„Kcd  fro...  one-  pull.y  ,o  a„o,hcT  in  onl.r  „.  ornvic!,! 
tr.r.c  ,„n,.,..„t  ,p,.,i,  f„r  ,|riv.„g  th..  mill.     To  .nable  this  to  l.o  ,|,me   .h. 


i?.r  ..Ti«:iB 
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tnot.,r  luvlplatr  ha>  l.o.n  maric  t„  .Vu\c  in  t«,.  .lirction.,  so  .hat  ,.nv  one 
of  the  three  pull.xs  r.,ii  l,c  brou«ht  opposite  to  the  main  rope  pullev  tly- 
wheel,  which  IS  eoiiple,!  to  the  tnill,  and  also  that  th..  ,n  .lor  ran  be 
moved  away  from  the  main  pullev  to  tighten  up  the  rope-.  This  ar- 
ran^emen,  is  really  rather  a  poor  rompromisc,  as  it  onlv  enal,K-  three 
sp.cds  to  i)e  ohtaine.l,  whieh  are  not  nearly  enough  for  a  mill  rolling  such  a 
range  of  seelion^  as  ha>  been  described  above.  In  practice,  it  is'  Msuallv 
found  that  the  rope-  are  put  on  to  the  pulley  whi,  h  will  «iv.  a  higher  speed 
than  that  actually  required  tor  rolling,  an<l  then  the  >peed  i~  ndudd  by 
connectinR  the  resiMan(e  into  the  roior  cir.  nil   of  th.    motor 

This  is,  of  course,  a  wasteful  meth.id  of  w.irWing,  and  test-  on  Mich 
nulls  show  th.it  the  power  consumption  for  the  .piantity  of  Meel  rolled  is 
iindiily  high. 

Three  or  four  mills  have  been  equipi)e<l  with  this  driv.-,  but  it  is  not 
\ery  hkely  that  it  will  be  repeated. 

(2)  The  same  effect  as  this,  viz.,  the  possibility  of  running  the 
mill  at  two  or  three  set  .speeds  has  been  obtaine.l,  eleclricallv  instea.l  of 
mechanically,  by  provision  of  pole  changing  motors,  or  a  combination  of 
pole  changing  and  casca.le  m,.tors.  This  arrangen.ent  h.i-  the  same 
-iisadvantages  as  tin-  one  described  abox  e,  and,  in  ,,d.lilio„.  ,  he  three 
possible  speeds  .annol  be  selected  at  will  but  mu.st  bear  a  dehuiie  i elation 
to  one  anolh.T,  whi(  h  s,i|l  furl  he  r  limits  the  .hoice  of  spee.ls. 

Where  large  billets  ar.^  being  rolled  at  slow  speeds,  ,i  great,  r  turning 
moment  is  rerpiired  than  f.,r  rolling  small  billets  at  the  high  speeds,  but 
some  of  these  pole  changing  motors  actuall>  gi\e  le>.~  turning  moment  at 
the  low  siHX'ds,  where  a  large  turning  moment  is  recpiired,  than  ihev  give 
at  the  liigh  S[.eeds. 

(3)  -I'he  most  successful  method  of  utilising  three-phase  current  to 
drive  merchant  mills  working  under  su,  h  co,„lilions,  which  has  yet  been 
devised,  consists  in  installing  a  three-phase  motor  direct  coupled  to  a 
smaller  compound  wound  direct  current  motor  for  ,lri\ing  -he  mill  and 
providing  a  rotary  converter  having  it,  -liprings  connected  to  the  slip- 
rings  of  the  rotor  of  the  three-phase  moK.r  ami  its  comniulalor  ...nnected 
to  the  commutator  of  the  direct  current  motor  When  it  is  desire.l  to  run 
this  mill  motor  combination  at  spee.ls  below  synchronous  speed,  the  power 
which  would  otherwise  be  lost  in  resistance  in  the  rotor  circuit  for  th.- 
three-phase  motor  is  converted  from  three-phase  to  direct  by  the  rotary 
converter  and  benelicially  use.l  in  the  .lire.t  current  motor  to  assist  the 
three-phase  motor  in  driving  th.'  mill. 

This  system  is  therefore  economi.al  ac,  ;:  three  machines  together 
behave  something  like  a  direct  current  compou.  d  woim.l  m.ilor.  That  is 
to  say,  the  mill  motor  set  can  be  a.ljuste.l  to  run  at  any  basis  s(M'e,|  suila'  ^' 
to  the  secti.m  being  n.lle.l  by  regulating  I  he  shunt  field  of  the  direct  current' 
motor,  while  the  compoun.l  win.ling  of  this  direct  current  motor  acts  as  a 
permanent  slip  regulator,  giving  the  necessary  fall  in  speed  to  allow  the 
flywheel  to  tak.'  effe.t,  without  entailing  anv  loss  in  p.wer. 
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It  will  al>o  be  seen  that.  vUkm,  the  bar  is  out  of  the  rolls    this  set 
w.     not  spee.l  up  to   the  synchronous   .spee.l.  but   .ill  be   li„,it  .,  b  •  ,t 
as,s  speed  to  whteh  the  ,hre.  ,  eurren,  n.otor  has  been  set.     ^u.  h  variable 
ree.plu.se  set,  h..,.  |,.,,,  i„.,„,.,,  ,„.  dnvin«  S  or  9  di.leren,   n.J    " 

"""^'  "'"'  ^'■^'i   « ■■'■-"-  ""•  l-«est  bein.  a   l.:m  h.p.   set,  a„,l   i 

'lu.  .  easv  ,o  obta.u  a  ;i  to  .   .peed  regulation.  eeonon.ieJlK  ,  it^  d^  ^.y 

vM)Rh   tin   set  can  kivc,  men  ases  as  the  speed  is  .educed 

(4;     Some  atten.pts  ha^c.  been  made  to  obl..,n  a  sin.ilar  result  as 

thrc  -phase  commutator   mo.,,,    dri^en    by  an   indu.  tiou    n.otor   in   eon- 
nct.o,.  w.th  a  three-phase  induction   n.ill   ,„otor,   the  difference  ...   .li, 

nppK    system    .nstea.l   ol    Li,,,    ulili.e.l    to   .Irive    .he    n.ill.    so   that    the 
™«  nto..u.nt  doe-  no,   i,„..,.e  a,  the  speed  fall-,  but  the  autho^ 
unauare  that  any  such  s>>te,ns  have  fou,.d   .nueh  application. 

in  the  fM,,r"fT-'''''"' '",',""""■"'"■  """"■■  '"•'>  '"^'^"^'>  '"""lapplicatio.. 

ch  a  \       ,""■'  •""'""  """^'  '""   ""-•  ^"^'■"'•"  -■^'  ""^-are  that 

>u.h  a  .na.-h.ne  has  been  ...stalled  for  ,hi-  purpose  up  to  the  present. 

T»1C   iiFFKCr  Ol.    r..N,„TIONS  nl    TuUn-    UN    ,„K    Dk.V.NG  (.F   SLCU    M.Ll.s 

In  the  C.ited  States  of  Au.erica  ordi..a,>  three-phase  ...otors  f.-.d  a 
^'r>  larue  appl.,al.o„  for  dri^  in,  ...e.rhaut  a,.d  bar  n.ills,  be.ause  the 
cond.t.o..s  of  trade  are  s,.eh  that  it  is  foun.l  possible  to  limit  the  ..umber  of 

tTe^h  mil       r  r"''"  ;"  "'■^"  """^'  ^-'^  *"  ^"l— "■-  .cionsonK 
o  ca,h  m.  1  an,|  to  keep  the  mill  b..ss  on  these  section.    This  may  perhap. 

L'niu'd  S^   ,"■■  ''        ,'".  '■•""^■'•"^•"^•^'  "f  ^he  ^ery  lar.-e  o,.,p..,  of  steel  in  the 
L  m  cd  sta Us  an,     the  c,....n.ercial  conditions  there.     .As  a  co.,sec,uence 
"      l".s,  such  ..  null  ,,...  be  run  at  practically  constant  speed  under  fav.n.r- 
!''>''■  "■"•''•';"'^  ">'l  a  three-phase  inductio,.  n.otor  proves  lairlv  suitable 
I'T  -Ir.y...,  ...     I  p  ,„  ,h,  prese...   tin.e,  s..ch  s..,all  .nills,  in  Canada,  are 
also  .M.lv  n.  In.,  a  con.parativeK  sn.all  ra,..e  of  section-,  so  that  it  has  bee., 
'■n'".i  I.oss.l.le  ,o  run  ,l,e,n  a,  p,ac,ically  constant  speed,  and  to  Use  th.ee- 
phase  .ndu,  ,„„,  „,„tor.  in  .n.,„y  ,ases  for    ,l.ivi.,K    ,heu,.      Th,-  a,..hors 
In.wever     ,h,nk    th.it    in    the    future     less    n.anulac,  un,l    M,.,.|     uill     1,.. 
'>"l>..r,e,l  ,n,o  Ca..a,la,  and,  ins,.  a,l,  it  uill  be  .-olled  in  ,  he  countrN    .,,!,„ 
the  te,t.len,.y  .„  the  f  ut  ure  w,ll  be  t  h.„  (  a,.a,lian  n.ills  will  l.ax  e  to  n.ee.  sueh 
cond.t.ons  „t  trade  b>    workin,,  n.o.e  unrler  Europc.n  <„ndiMo..s    that  i. 
to  say   .'ach  ,..,11  uill  have  to  roll  a  lar^e  numlur  of  sections,  because  i,  is 
unhkely  lor  many  ye.trs  ,o  con.e  ,h,„  ,he  steel  ,;ntput  in  Canada  will  be 
such  that  there  will  be  ...ou,!,  n.ilU  ,o  enable  arn.nKements  to  be  ...ade 
that  ea.h  m.ll  .s  prodn.in«  a  la,-,.  o„,p,„  „f  a  f.-w  section,  onlv.      It  is 
therefore  l.kely  that,  in  the  futn,v,  (  ana.li,.,,  n.enhant  a...l  bar  mills  will 
ha\e  to  be  arra..ge.l  to  r,...  ..,  a  c,,nM,|,,rable  ..un.ber  of  different  speeds 
so  as  to  be  able  to  roll  a  la.^.^  nn.nber  of  dilfere.it  section,  fr.)m  varying 
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simi  l.illcls.  It  is,  h„w,.v..r,  .loul.lful  wlu^tiur  th.r..  will  vwr  \,v  thr 
.l.-fMa,i,|  ,n  Lana.la  for  |.n,l,ll...l  iron  ..-.lioM-..  ,,s  ih.rr  i.  i„  i:„r,.,„.,  wlur.' 
cliinalii'  CDiulitiDiis  arc  ilirtLTiiit. 

The  above  roniark>,  nalurally,  <io  ,mi  a|.|.K  lo  mi,  1,  niilU  a-  s|k...(- 
...rlls  l.nplat.-  Miill..  ,-u:.  « hid,  arc-  al«  a>.  run  a.  pr.u  li.allv  .„Ms,a,>t 
^|.t■c.i,  ami  whi.h  .an  !»■  .Iriv.n  l.y  thr.v-pha..-  n.o.or,  «ithu,n  ,ntailin« 
much  di>a,lvantauc  from  the  point  of  x  icw  of  .  he  mill,  ..lihouyh  tc,|.  u„ 
sheet  ami  l.nplale  mills  have  >hown  ,hat,  in  ,,,,1,  mills,  there  i.  a  very 
eonsulerahlc  waste  of  power  in  the  |.ernian,nt  >lip  re:;ulator>,  amoMntin- 
to  Inm,  12  to  l.V;,  of  the  lo.al  encryy  exp,v,„  ,i  i„  kij.nsall  l,our>  lakcn 
lo  drive  the  mill. 


CONCI.LMONS    (    us,  |;|<N1N(.    k()|,|,|\,;    \|||.|.s 

1  he  authors  are  of  opinion  that  .lirecl  cinreni  is  nui,  h  Ir  iter  a.lapteci 
for  driving  mills  and  machinery  in  a  steel  works  than  three-phase  currimt. 
Where  large  lewrsini;  rolliriK  ""Us  an'  .Iriv.ii  ele(  tri.  alK  ,  and  the 
motor  driving  the  motor  K'cner.itor  set  is  supplied  from  a  .lire.l  cmienl 
system,  it  is  found  that  ih.'  power  -upplied  lo  the  rolling;  mill  plant  .an  Uv 
maintaine.l  at  a  much  siea.lier  value  than  if  it  is  suppli.wl  fn.ni  a  thr.,- 
phase  system,  an.l  with  the  dir.<  t  curr.nl  mot,.r  about  a  ten  per  .  ent 
saving  in  power  can  be  elfecle.l,  as  t  hetv  i,  „.,  loss  .,f  pow.r  in  ^lip  resiMancv. 
With  a  direct  .  iirrenl  system  the  llyvvhecl  of  the  nioior  Kcn.iator  -.1 
.an  be  iiiiliA.I  to  a  gnal  extent  lor  neuiraliMm;  sud.len  peaks  of  shorl 
-luratDu  in  the  power  demand  on  other  parts  at  tin-  sv-tem,  for,  .luring 
such  a  p.ak,  the  m.,t..r  generator  set  w.jul.l  not  .)nlv  cease  t.)  take  p..w,r 
Irom  the  supply,  but  the  m.,l,)r  lan  be  actually  rexcrsed,  and  give  it.  full 
output  as  a  Kenerat.,r  r.turnini;  the  en.fK.N  of  t  !,.■  llvwh.vl  as  .le.iri.al 
energy  to  the  supply  s\slem. 

With  a  three-phase  system,  p.-ak,-<  in  other  parts  of  th.-  sv>t.  ,n  .annul 
be  neutralised  t..  anything  like  the  same  cM.nt,  f.,r  th.'  ni.Mor  ,aii  o.dx 
be  made  to  cease  to  take  pow.r  from  the  supply  system  and  .-unnot  a,  i  a-  a 
generator  returning  power  to  the  supply  system. 

It  has  been  sh.,wn  that  the  .lirect  current  .umpoun.!  woun.l  luotor 
IS  very  well  adapt.<l  to  fulfil  the  .  ..mlitions  for  .Iriv  ing  ihr.e-high  m.  r.  haul 
and  bar  mills  ami  thai  cousi.leralile  .-.mipli,  ali,.n  and  .lilli.„lti,  s  ..,.■ 
involved   ill   a.lapling    the   ihiee-phase   m..t.,r   f.>r   ihis   purpose. 

Direct  current  motors  ar.'  also  parli.iilarlv  w.ll  a.lapt.'.i  for  .lri\  int; 
slow  speed  sheet  and  tinplate  mills,  as  it  is  very  easy  I.,  pn.vi.l,.  a  .1,,« 
speed  direct  coupled  motor  and  gain  the  a.lvanlage  ami  economy  .,f  this 
drive,  and,  as  there  i,  no  loss  of  p.,wer  in  slip  re.-istan. cs,  the  direct  current 
motor  will  prove  from  tweKe  t.)  fifteen  per  .ent.  ni..re  e-onomical  than  th.- 
three-phase  motor  on  this  current  alone. 

I  he  advantages  of  .lirect  .■urreiit  table  and  live  roll  motors  are  so 
fully  re.-ogni/.'<l  that  they  n.cd  m)l  be  n,  apilulal.il  her.',  but  it  is  inLr.-i - 
ing  to  note  that  in  j..  rh.ips  the  largest  steel  works, ,n  the  .\n,.'n...n  I  outi- 
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Fig.  18 — Power  diagram  for  bli 
and  rectangular  space 
the  thick  horixontal  li 
syttem. 
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Fig.  20— Remits  of  tcMs  thowini 
roUinc  mill  motor,  currci 
In  speed  of  Ilgner  motor  | 


*;M       ATA  t*AhiHifM  ¥OtTAt^  o/i  1^09  Votn 


**nteL  Cof^Yg^rgK  AT  A  coNsrANr  voi.-rA4-M  CF  See  Volts 


FiywMtgt  CoN^eHrmn 


fO  -(00 

ff*  3»ce^^s 


n« 


140 


Ma 


110 


»  lit  TiMes    rue/A   oAi9^//^ai  LeNtTH.     cvmyttt    show/m^     rnm  vAttiAnoAj 
&   rMM    FLYVfHEEu    Co/vvenreft   ser    /tms^CTivecY    aho  rnE 


%  •howing  variation  in  current  supplied  to  reversing 
tor,  current  taken  from  the  power  house,  1  id  variation 
er  motor  generator  set. 
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